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This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


SOCIETY AFFAIRS. 
Minutes Meetings: 


the Society, January 7th, 

the Board Direction, January 6th, 1903 
Announcements: 

Hours during which the Society House 

Annual Reports: 

Accessions the Library: 


MINUTES MEETINGS. 


THE SOCIETY. 


January 7th, 1903.—The meeting was called order 8.45 
Henry Seaman, Director, the chair; Charles Warren Hunt, Secre- 
tary; and present, also, members and guests. 

The minutes the meetings December and 17th, 1902, were 
approved printed the Proceedings for December, 1902. 

The discussion the topic The Sanitary Disposal Municipal 
was continued Messrs. George Soper, Theodore Horton, 
Rudolph Hering. 
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MINUTES MEETINGS. [Society 


Ballots were canvassed and the following candidates declared 


elected: 


Bellevue, Pa. 


MEMBERS. 


Lewis Ames, Iowa. 
New London, Conn. 
GEORGE SHERMAN New York City. 
CHARLES Romney Portland, Me. 

Curtin Norfolk, Va. 
FREDERICK New York City. 
Joun Eaton New York City. 
Payson East Berlin, Conn. 
WHEELER, New York City. 


The Secretary announced the election the following candidates 
the Board Direction January 6th, 1903. 


JUNIORS. 


Erwin New York City. 
Max New York City. 

Roxbury, Mass. 


Adjourned. 


January 21st, 1903.—The minutes this, the Annual Meeting, 
will printed the Proceedings for February, 1903. 


THE BOARD DIRECTION. 
(Abstract. 


January 6th, 1903.—8.35 m.—Director O’Rourke the chair; 
Chas. Warren Hunt, Secretary; and present, also, Messrs. Briggs, 
Croes, Jackson, Knap, Pegram, Seaman and Wilgus. 

The cases members arrears for dues were considered and 
acted upon. 

Upon the recommendation the Finance Committee, was de- 
cided pay Ten Thousand Dollars January 15th, 1903, account 
the principal the mortgage held the Mutual Life Insurance 
Company the Society House. 
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Affairs. MINUTES MEETINGS. 


draft the report the Board Direction was presented, 
the Special Committee appointed for that purpose, and adopted. 

The report the Committee recommend the award prizes 
for the year ending with the Transactions, July, 1902, was received, and 
the prizes awarded, accordance with the recommendations that 
report, follows: 

The Norman Medal Paper No. 911, Detroit, 
Michigan, the Effect Curvature upon the Flow Water 
Pipes” Gardner Williams, Am. Soc. E., Clarence 
Hubbell, Assoc. Am. Soc. E., and George Fenkell, Jun. Am. 
Soc. 

The Thomas Fitch Rowland Prize Paper No. 910, Description 
Coos Bay, Oregon, and the Improvement Its Entrance the 
Government,” William Harts, Am. Soc. 

The following resignations were accepted: Barney, Assoc. M., 
Frederic Pitney, Assoc. M., Henry Shepard, Assoc. M., 
McKinney, Assoc., Mark Fargusson, Jun., Myron Lewis, Jun., 
George Nostrand, Jun., George Wadsworth, Jun. 


Applications were considered and other routine business trans- 
acted. 


Five candidates for Junior were 
Adjourned. 
*See page 
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ANNOUNCEMENTS. [Society 


ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, February 4th, 1903.—8.3) m.—A regular business 
meeting will held. Ballots for membership will canvassed, and 
there will informal discussion The Preservation Materials 
Construction.” not intended confine this discussion any 
particular material method, but exchange opinion, based 
experience, practical methods securing permanence en- 
gineering structures all types. Several members have already 
agreed take part, and hoped that others will come prepared 
speak, will send written communications the subject. 


Wednesday, February 18th, 1903.—8.30 this meeting 
paper George Morison, Past-President, Am. Soc. E., entitled 
Panama Canal,” will presented for discussion. This paper 
printed number Proceedings. 

Wednesday, March 4th, 1903.—8.30 regular business 
meeting will held. Ballots for membership will canvassed, and 
paper Gerry, Jr., Assoc. Am. Soc. E., entitled 
High-Voltage Power Transmission,” will presented for discussion. 
This paper printed this number Proceedings. 


ANNUAL CONVENTION 1903. 


The Thirty-fifth Annual Convention the Society will held 
Asheville, C., during the week beginning June 8th, 1903. 
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ANNUAL REPORT THE BOARD DIRECTION FOR THE 
YEAR ENDING DECEMBER 1902. 


PRESENTED THE ANNUAL MEETING, JANUARY 1903. 


The Board Direction, compliance with the Constitution the 
Society, presents its report for the year ending December 31st, 1902. 


MEMBERSHIP. 
The changes membership are shown the following table: 


| 


Associa 
Associates and Juniors. 
Juniors. 

Reinstatement. 

Reinstatement. 


will seen that the net increase during the year was 185. 

the report the Board for 1902, statistics the yearly growth 
the Society for thirty-two years were given, and was pointed 
out that the rate increase for the last few years was apparently not 
due temporary conditions. The result this year seems empha- 
size this, the figures the increase for the past four years being 
follows: 


1899—Net increase total membership............ 103 
Total for the past four 


Average yearly increase for the past four years..... 
Average yearly increase from 1869 1898, inclusive. 


The total number applications received during the year was 
362. 
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ANNUAL REPORTS. [Society 


Action taken the Board has been follows: 


Passed ballot Associate Members............. 140 


The losses death reported during the year number 32. They 
are follows: 

Honorary Member: William Hasell Wilson. 

Members: Edward Josiah Blake, Charles Edward Henry Camp- 
bell, Lorenzo Russell Clapp, Emilio Del Monte, William Durfee 
Gelette, Edmund Phillips Hannaford, Charles Fletcher Hillman, 
Arthur Stanley Hobby, Milton Grosvenor Howe, John Butler John- 
son, Moritz Lassig, Charles Hazlehurst Latrobe, William Shattuck 
Lincoln, George Henry Mendell, James Ellison Mills, Henry 
Mitchell, Nathaniel Edwards Russell, Ira Alexander Shaler, Martinius 
Stixrud, Robert Henry Temple, William Van Slooten, Robert Atwell 
Way, Oscar Whitford, Joseph Miller Wilson. 

Associate Members: Henry Lawrence Cleverdon, Reginald McKean, 
Kenneth Oake Plummer Reinholdt. 

Associates: John Woodbridge Davis, Charles Edward Hamlin, 

Peter Milne. 

Fellow: Nathaniel Cheney. 


LIBRARY. 


The accessions the Library during the year are shown the 
table: 


AccEssions THE YEAR 1902. 


Maps, Pho- 
Bound Unbound Specifica- 
Volumes. Volumes. tions. Drawings. Total. 


Exchange duplicates 368 690 


Donations— 
answer special 
Eng. News Pub. Co. 148 197 
regular course... 214 047 070 306 637 


1116 309 307 7486 


addition the above, there have been received 489 duplicates, 
and 234 separate numbers complete files periodicals, neither 
which can appear accessions. 


Applications awaiting action............... 


comparison with the corresponding figures for last year shows 
that the growth the Library 1902 has exceeded that 1901 
was regarded phenomenal) 459 accessions. 


The Library now contains: 


Maps, photographs and 000 


The total number titles the Library 178. 

During the year, 890 volumes have been bound, and bound 
volumes which were duplicates were received and have replaced pre- 
viously unbound volumes. 

The following amounts have been expended upon the Library dur- 
ing the year: 


Purchase books, 475 volumes.............. 224.87 
Binding 890 volumes............... 931.25 


The value the accessions the Library during the year 
follows, each accession having been valued separately, received: 


7011 Donations and exchanges (estimated 


475 Volumes purchased (cost).............. 224.87 


Owing the rapid increase the Library, and the accession 
many new books, purchase and otherwise, has been decided 
publish second volume the classified Catalogue, the first volume 
which was published 1900. This volume now nearly 
and expected will issued all members about month. 

For the first years the life the Society the total number 
accessions the Library was 847, average yearly addition 685 
volumes. About the close 1897 the Library was moved into the 
new House. Since that time the average yearly addition has been 
350 volumes, the total, stated above, being now 597. 

the terms the will the late Herbert Steward, Assoc. Am. 
Soc. (who died March 4th, 1899), the Society has received, during 
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ANNUAL REPORTS. [Society 


the year, 940, and the Board has accepted this bequest under the 
terms Mr. Steward’s will, which were follows: 


give and bequeath the American Society Civil Engineers 
the sum two thousand dollars, known the Herbert Steward 
Library Fund. The fund shall invested and utilized the Board 
Direction said Society may elect, provided shall secure yearly 
income; which income shall entirely expended each year for the 
purchase books, maps, apparatus suitable for the Library said 
Society, for the purpose promulgating engineering information. 
give said Society such technical books from library 
may selected the Secretary the Society.” 


gift £10 was also received during the year from Sir Benjamin 
Baker, Hon. Am. E., for library purposes, 


PUBLICATIONS. 


During the year the usual ten numbers Proceedings have ap- 
peared, and three volumes Transactions, instead the usual two, 
have been published. 

the Proceedings, the list references current engineering 
literature has covered pages, containing 614 classified references 
periodicals. 

The demand for publications has been much greater than usual, 
subscriptions and sales during the year amounting 231.16. 

The stock the various publications the Society, kept 
hand for the convenience members and others, now amounts 
119 850 copies, the actual cost which the Society has been 
$13 904.42. 

More than 200 volumes have been bound, during 
the year, for members and others, the standard half-morocco 
cloth bindings. 


PUBLICATIONS FOR 1902. 


Number Total Edition Number 
Issued. Each. Pages. Plates. 


800 

100 


Constitution and List 


Includes Indexes and Tables Contents. 


Cc 
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The cost publications has been: 


For Paper, Printing, Binding, and 


For Boxes, Mailing Lists, Copyright and Ex- 
For 575 copies Memoirs and 734.61 
Deduct amount received for advertisements... 807.50 
Deduct amount received for sale publica- 
039.26 
Net cost Publications for 1902................ 


Since publications were begun the Society, years ago, there 
have been published volumes volumes Pro- 
ceedings and miscellaneous separate publications, consisting 
Indexes, Catalogues, Lists Members, etc. The total number 
pages these publications has been 099, average yearly output 
358 pages. 

Beginning with 1896, the system publication was changed, and 
since that time Proceedings and Transactions have been issued 
separately. 

For the years, 1872-1895 (inclusive), there were issued 799 
pages, yearly average 950 pages, and for the past years the total 
issue has been 300 pages, average 757 pages per year. 


MEETINGS. 


During the year meetings have been held, follows: the 
Annual Meeting, Annual Convention, regular semi-monthly 
meetings, 17. 

these meetings there were presented formal papers, 
which were illustrated with lantern slides; topics for informal dis- 
cussion, one which was illustrated with lantern slides; and illus- 
trated lectures. 

The Thirty-fourth Annual Convention was held the Willard 
Hotel, Washington, There were registered this Convention 
343 members the Society, all grades, accompanied mem- 
bers their families, and other guests. This was the most largely 
attended Convention the Society ever held. 
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ANNUAL 


MEDALS AND PRIZES. 


For the year ending with the month July, 1901, Prizes were 
awarded, follows: 

The Thomas Fitch Rowland Prize, Montony, Assoc. 
Am. Soc. E., for his paper entitled Ninety-Sixth Street 
Power Station the Metropolitan Street Railway Company, New 
York City.” 

The Collingwood Prize for Juniors, Kummer, Jun. Am. 
Soc. E., for his paper entitled ‘‘A Proposed Method for the 
Preservation Timber.” 

award the Normal Medal was made. 


examination the Secretary’s statement receipts and dis- 
bursements, and the general balance sheet which accompanies it, 
will show the financial condition the Society. During the year the 
sum 940 has been received from the Executors the estate 
the late Herbert Steward, Assoc. Am. Soc. E., this sum 
invested and the yearly proceeds used the purchase books, 
maps, apparatus suitable for the library, for the purpose 
promulgating engineering information. 

When, 1895, the project for building new house was under 
consideration, the total assets the Society (omitting the estimated 
value the Library, and publications stock) were about 
$65 000. Making allowance for increase the value the present 
property since was purchased, the total assets now are about $167 000. 

the report the Board for the year 1898, stated that ‘‘the 
permanent loan has been fixed $85 000, which loan has been secured 
$10 000 the principal the mortgage, which has been authorized 
the Board, will reduce the debt $55 000, which now carried 
interest. other words, $30000 has been paid off four 
years. 

The reports the Secretary and the Treasurer are appended. 

order the Board Direction, 

CHAS. WARREN HUNT, 
Secretary. 
New York, January 6th, 1903. 
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ANNUAL REPORTS. 


GENERAL BALANCE SHEET, DECEMBER 1902. 
ACCOMPANYING REPORT THE SECRETARY. 


Building and Lot $191 730.26 
Publications hand; inventoried value... 904.42 
Library: 
Cash expended for Books, etc. 824.88 
Estimated Value Dona- 
Due from 456.26 
256.07 


$300 


Dues for 1903, paid 


Mortgage Debt ..... 


Funds invested Society House and Lot, 


$12 127.23 
000.00 


223 150.82 


$300 278 .05 


New 19th January, 1903.—We have examined the books and accounts the American Society Civil 
Engineers, and certify that the foregoing Balance Sheet accordance therewith, December, and, 


our opinion, correctly states the condition the Society’s affairs shewn the books that date. 
Co., 


Chartered Accountants. 
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ANNUAL REPORTS. 


[Society 


REPORT THE SECRETARY, FOR THE 


GENTLEMEN,—I have the honor present statement Re- 
December 31st, also presented general balance sheet 


New York, January 6th, 1903. 


Balance hand December 1902, Bank 
and Trust Company and hands the 


250.00 
Herbert Steward Library Fund............... 940.00 


$15 993.31 


$78 491.16 


ceip 
Sal. 
Lil 


YEAR ENDING DECEMBER 1902. 


ceipts and Disbursements for the fiscal year the Society, ending 
showing the condition the affairs the Society. 
Respectfully submitted, 
CHAS. WARREN HUNT, 


Secretary. 
General Printing and Stationery.............. 
Certificates Membership................... 117.80 
334.71 
Heat, Light and 068.79 
Advertising 
$52 193.77 
Balance Hand December 31st, 1902: 
Union Trust $24 562.41 
297 .39 


$78 491.16 
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New York, January €th, 1903. 
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REPORT THE TREASURER. 


compliance with the provision the Constitution, the Treas- 
urer presents the following report for the year ending December 31st, 


Balance hand December 1901 


Receipts from current sources, January 
1st December 31st, 1902........ 
Received from Herbert Steward Library 


Received from Sir Benjamin Baker... 


Payment audited vouchers for cur- 
rent business, January De- 


Payment principal Bond and 


Balance hand December 1902: 
Union Trust Com- 


National 

hands the Treas- 


$15 
$60 509.35 


$47 193.77 


000.00 


297 .39 


$78 491.16 $78 491.16 


Respectfully submitted, 


JOSEPH KNAP, 
Treasurer, Am. Soc. 
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ACCESSIONS THE LIBRARY. 
From December 10th, 1902, January 13th, 1903. 


DONATIONS.* 
THE CIVIL ENGINEER’S POCKET-BOOK. 


John Trautwine. Revised John Trautwine, Jr., and 
John Trautwine, 3d. Eighteenth Edition, Morocco, ins., 
1079 pp., illus. New York, John Wiley Sons, 
(Donated John Trautwine, Jr., and John Trautwine, 3d.) 


The preface states that preparation for the eighteenth edition, this book, the 
first edition which appeared thirty years ago, has undergone far more extensive 
revision than any other time. More than pages new matter have been added, 
and the new edition larger, about 100 pages, than its recent predecessors. The 
articles arithmetic are considerably extended the addition new matter relating 
interest, annuities, depreciation, etc. The conversion tables contain the equivalents 
both English and metric units, and each these terms the other. The new 
article the location the meridian much more complete than its predecessors, 
and new table azimuths Polaris, corresponding different hour-angles, has been 
added. Among the important changes this edition are those the articles 
Statics, Beams, and Trusses. These have been almost entirely rewritten and 
completely modernized. Under Trusses, modern methods construction explained, 
and several modern roofs and bridges are described and illustrated. The Contents are: 
Mathematics; Natural Phenomena: Mechanics; Force Rigid Bodies; Strength 
Materials; Hydrostatics; Hydraulics; Constructions, etc.; Water Supply; Test and Well 
Boring; Rock Drills; Traction, Animal Power; Trusses; Suspension Bridges; Rivets and 
Riveting; Railroads; Materials. There index forty-one pages. 


ANCIENT AND MODERN ENGINEERING AND THE ISTHMIAN CANAL. 


William Burr, Am. Soc. E., Inst. Cloth, 
473 pp., illus. New York, John Wiley Sons, 1902. 
$3.50. Postage Express, cents additional. 


This book the outcome course six lectures delivered the Cooper Union 
the City New York, February and March, 1902, under the auspices Columbia 
University. These lectures have been expanded for the purposes publication. The 
half-tone illustrations, with scarcely exception, have been prepared from photo- 
the actual subjects illustrated. such illustrations Parts and VI, 

evoted the Nicaragua and Panama Canal Routes, are made from photographs the 
various locations members the force the Isthmian Canal Commission. The 
are: Ancient Civil Engineering Works; Bridges; Water-Works for Cities and 

‘owns; Some Features Railroad Engineering; The Nicaragua Route for Ship- 
Canal; The Panama Route for Ship-Canal. 


TREATISE ROADS AND PAVEMENTS. 


pp., illus. New York, John Wiley Sons, 1903. 


The author states the preface that the object this book give discussion, 
from the point view engineer, the principles involved the construction 
country roads and city pavements. The attempt has been made show that the 
science road making and maintenance based upon well-established elementary 
principles, and that the art depends upon correct reasoning from the principles rather 
than attempting follow rules methods construction. some cases practical 
experience has not yet determined the best method procedure, and these cases the 
conflicting views with the reasons for each are fully Considerable space has 
been given the economics country roads and the construction and 
maintenance earth roads. The remainder the book, the portion that considers 
roads having permanently hard surfaces, based chiefly upon American experience. 
The Contents are: Part Country Roads. Road Economics; Road Location; Earth 
Roads; Gravel Roads; Roads; Miscellaneous Roads; Equestrian Roads 
and Horse-Race Roads. Part II. Street Pavements. Pavement Economics; Street Design; 
Street Drainage; Curbs and Gutters; Pavement Foundations; Asphalt Pavements; Brick 
Pavements; Cobble-Stone Pavement; Stone-Block Pavement; Wood-Block Pavements; 


Comparison Pavements; Sidewalks; Bicycle Paths and Race Tracks. There 
index nine pages. 


Unless otherwise specified, books this list have been donated the Library 
the Publisher. 
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POWER DISTRIBUTION FOR ELECTRIC RAILROADS. 


Louis Bell. Third Edition, Revised and Enlarged. Cloth, 9x6 


ins., 303 pp., illus. New York, Street Railway Publishing Com- 
pany, 1900. $2.50. 


The preface states that this book written the hope that may service 
those whose daily work concerned with the art transportation, which electrical 
traction to-day potent factor. The author has endeavored set forth the gen- 
eral principles the distribution moving motors, describe the 
methods which experience has shown desirable such work, and point out the 
ways which these principles and methods can co-ordinated every-day practice. 
For the most part, apparatus too mutable describe exhaustively, unless one 
writing history. The reader will therefore find little such detail. The volume 
deals with principles and methods, and, consequently, the examples given the first 
edition are, save unimportant details, typical current practice 1900 they 
were 1896. The chapter headings are: Fundamental Principles; The Return Circuit; 
Direct Feeding Systems; Special Methods Distribution; Substations; Transmission 
Power for Substations; Alternating Motors for Railway Work; Interurban and Cross 
Country Work; Fast and Heavy Railway Service. 


COMBUSTIBLES INDUSTRIELS. 


Houille, Pétrole, Lignite, Tourbe, Bois, Charbon Bois, Agglo- 
mérés, Coke. Par Felix Colomer Charles Lordier. Paper, 10x 
ins., 565 pp., illus. Paris, Vve. Ch. Dunod, 1903. fr. 50. 


For each the above named fuels, one will find this work information its 
and chemical properties, its method its use the various 
for stationary boilers, locomotives ships, its conditions purchase, etc. 
The Contents are: classification houille; Essais analyse 
houille; Sortage houille; Lavage houille; Définition industrielle achat 
houille; Emploi houille dans Jes foyers; Foyers Pétrole—Propriétés 
analyse pétrole; Emplois pétrole; pétrole; Lignite, Tourbe, Bois, 
Charbon Bois; sur les agglomérés; Outillage des usines 
agglomérés; Appareils compression; Coke—Définition emploi coke; Théorie 
carbonisation; Fours coke; Récupération des sous-produits; Installation prix 
revient d’une usine carbonisation. There index thirty-five pages. 


TEXT-BOOK FIELD ASTRONOMY FOR ENGINEERS. 


George Comstock. Cloth, 202 pp., illus. New 
York, John Wiley Son, 1902. $2.50. 


The author states the preface that the present work not designed for profes- 
sional students astronomy, but for another and larger class, found technical 
colleges. For many years has been the author’s duty teach students engi- 
neering elements practical astronomy, and the experience thus acquired has 
gradually produced the unconventional views that find expression the present text, 
and which, the author’s mind, are justified the following considerations: the 
engineering curriculum, work part the technical and 
training students who have purpose become astronomers. Under these circum- 
stances seems the duty the instructor select for presentation those parts 
astronomical practice most closely related the work the future engineer, and, 
with reference the narrow limits time allotted the subject, keep the back- 
ground many matters that are primary interest and importance the 
student asa science. The chapter headings are: Introductory; Co-ordi- 
nates; Time; Corrections Co-ordinates; Rough Determinations; Approximate Deter- 
minations; Instruments; Accurate Determinations; The Transit Biblio- 
graphy; Orientation Tables. There index two pages. 


METALLURGICAL LABORATORY NOTES. 


Testing Laboratories, Boston, 1902. $2.50. 


The preface states that metallurgical laboratory instruction the established type 
reproduces the industrial metallurgical processes, each whole, and with such 
actual industrial practice This, which may called Applied 
seems the author have inherent and very grave faults. its place has 
tried work out system what may called better, Analytical 
Metallurgy,” with the aim teaching, not individual processes each whole, but the 
underlying principles each itself. This has tried means 
series distinct experiments, each testing directly one more these principles. 
With few exceptions, al! the experiments this work have been carried out either 
the metallurgical laboratory the School Mines Columbia University, earlier 
the author’s private laboratory, and either exactly the form here given, form 
which the present isa slight modification. The tables the end the work are 
original here, except that atomic weights, and also, except sense, that melting 
points silicates. The book divided into the following groups: Squad Experiments 
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and Others for Short Course Metallurgy; anu Calorimetry; Melting 
Points Silicates, etc.; Properties Refractory Materials; Iron and Steel; Non-Ferrous 
Metals. There index ten pages. 


THE PHYSICAL GEOGRAPHY NEW YORK STATE. 


Cloth, ins., 397 pp., illus. New York, The Macmillan 
Company, 1902. $3.50 net. 


stated the preface that the request the Geographical Society 
1896 series articles the Physical New York State was undertaken 
and the first number appeared the Bulletin the American Geographical Society, 
Vol. XXVIII, 1896. When these articles were begun, was the author’s intention 
cover the subject two three numbers; but, after getting well into the task, 
became evident that cover the field with any fulness would require many more 
chapters than were originally planned, and, therefore, the series out 
twelve numbers and was not finished until 1900. the main, this book reprint 
the articles published the Bulletin, but there has necessarily been certain amount 
many the more important papers the subject which have appeared 
since the original publication the articles have been made use of, that the biblio- 
graphy has been brought down date. The chapter headings are: General Physical 
Features; The Mountains the State; Plains and Plateaus; The Influence the 
Glacial Period upon Topography; The Rivers New York; Lakes and Swamps; Origin 
the Basins the Great Lakes; Post-Glacial History the Great Lakes; Niagara; 
The Shore Lines; The Climate New York; Influence Physiographic Features upon 
the Industrial Development the State. There index eight pages. 


EXPERIENCES SUR TRAVAIL DES MACHINES-OUTILS. 


illus. Paris, Vve. Ch. Dunod, 1902. fr. 50. 


The preface states that while continuing the publication the study the work 
machine-tools the Bulletin Société Encouragement pour Industrie Nationale, 
the author has thought that would bring out the first part for the 
public who are interested mechanical arts. The Contents are: Meulage; Essais 
meulage; Essais vitesse variable; Tranchage; Tranchage plomb, cuivre, fer, 
l’acier; Emploi deux tranches opposées; Coupe avec deux molettes; Essais 
pénétration d’une molette; Coupe des tubes; Cisaillage; Essais cisaillage lames 
parelléles; Cisaillage avec lames obliques; Essais cisaillage avec lames circulaires; 
Essais cisailleuse; Essais cisaillage vitesse variable; Formes des 
débouchures; Essais divers poingonnage: Poingons aléseurs tranchants multiples: 
Alésage trous broche; Poingonnage progressif Essais Essais 
poingonnage multiple; Poingonnage sur épaisseurs multiples. 


Gifts have also been received from the following: 


Allentown, Pa.—Water Commrs. Mass.—State Board Health. bound vol. 


pam. Philadelphia Commercial Museum. 
Am. Iron Steel Assoc. bound vol. 
Assoc. des Ingénieurs Sortis des Ecoles Platt,T.C. 6pam. 

Spéciales Gand. Huron, Mich.—Water Commrs. 
Berg, Walter vol. am. 
Betts, pam. Reading, Pa.—Dept. Water: bound 
City Record. bound vol. Rose Technic. vol. 

Smithsonian bound vol. 
Ehrlich, Southern Pacific Co. bound vol. 
Fletcher, Robert. vol., pam. Thonindustrie-Zeitung. bound vol., 


Civil Service Comm. bound vol. 
specif. 
Interstate Commerce Comm. 
bound vol. 
Lighthouse Board. vol. 


pam. 

Hammond Bequest. 112 bound vol., 
am. 


am. 

Inst. Marine Engrs. bound vol. 
Kansas City Southern Ry. Co. 
Koninklijk Inst. van Ingenieurs, 
Lathbury Spackman. bound vol. 
London, Ont.—Water Commrs. pam. Navy Dept. vol., pam. 

Mailloux, bound vol. Univ. Agri. Exper. Station. 
Maine Central Co. Univ. Texas Mineral Surv. map. 
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ACCESSIONS THE LIBRARY. [Society 


PURCHASE, 


Treatise Wooden Trestle Bridges According the Present 
Practice American Railroads. Wolcott Foster. Third Re- 
vised and Enlarged Edition. New York, John Wiley Sons; London, 
Chapman Hall, 1902. 


The Practical Application the Slide Valve and Link Motion 
Stationary, Portable, Locomotive, and Marine Engines, with 
Simple Methods for Proportioning the Parts. William Auchin- 
closs, Am. Soc. Fourteenth Edition, Revised. New York, 
Van Nostrand Company, 1901. 


Annual Report the Signal Officer the Secretary War, 
1871, Washington, Government Printing Office, 


Army Meteorological Register for Twelve Years, from 1843 
1854, Inclusive, Compiled from Observations Made the Officers 
the Medical Department the Army, the Military Posts the 
United States, Prepared under the Direction Brevet Brigadier 
General Thomas Lawson, Surgeon General, United States Army. 
Washington, Nicholson, 1855. 


Topographical Drawing and Sketching, Including Applications 
Photography. Henry Reed. Fourth Edition—Revised and 
Enlarged. New York, John Wiley Sons; London, Chapman 
Hall, Limited, 1897. 


Building Construction and Superintendence. Kidder. 
Part Fifth Edition. Part II, Fourth Edition. New York, William 
Comstock, 1902. 


Architects’ and Builders’ Pocket-Book Mensuration, Geometry, 
Geometrical Problems, Trigonometrical Formulas 
Strength and Stability Foundations, Walls, Buttresses, Piers, 


Arches, Posts, Ties, Beams, Girders, Trusses, Floors, Roofs, ete. 


Addition which Great Amount Condensed Information: 
Statistics and Tables Relating Carpentry, Masonry, Drainage, 
Painting and Glazing, Plumbing, Plastering, Roofing, Heating and 
Ventilation, Weights Materials, Capacity and Dimensions Noted 
Churches, Theatres, Domes, Towers, Spires, etc., with Great Variet 

Miscellaneous Information. Frank Kidder. Thirteent 

Edition, Revised and Greatly Enlarged. New York, John Wiley 
Sons; London, Chapman Hall, Limited, 1902. 


SUMMARY ACCESSIONS. 
From December 10th, 1902, January 13th, 1903. 


Donations (including duplicates and numbers 
completing volumes periodicals)............. 269 
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MEMBERSHIP—ADDITIONS. 


MEMBERSHIP. 


ADDITIONS. 


Date 
Engr. and Ry. Dept., Kohler Bros., Contr. Elec. 
Engrs., 1804 Fisher Bldg., Chicago, Oct. 1902 
Martin Jr. 


Chf. Engr. and Gen Mgr., Missouri River June 1900 


Loomis, 
Martin, 
Asst. Engr., Sprague Ave., Bellevue, Pa.......... Jan. 1903 
NEALE, JoHN 
Structural Engr., Carnegie Steel Co., 419 Carnegie Bldg., 
TAYLOR 
ASSOCIATE MEMBERS. 
9th and Indiana Ave., West Nashville, ............ Dec. 1902 
Connor, 
Lieut., Corps Engrs., A., New London, 
BENJAMIN 
Forp, 
City Engr., City Hall, Hartford, Oct. 1902 
Frank CHAUNCEY 
Frost, SHERMAN 
Asst. Engr., Rapid Transit R.Comm., 147 April 1901 
Columbus Ave., New York City.......... Jan. 1903 
Austin 


Hazen, 
(Frink Hazen, Contr. Engrs.), 711 Union Trust 
Henry 
Mgr. and Supt. Engr., James Hill Sons, Grenfell St., 
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[Society 
Date 

Membership. 

WILLIAM Jun. June 1900 

751 Amsterdam Ave., New York City......... Assoc. Jan. 1903 


SAMUEL Payson 
Engr., Berlin Plant, Am. Bridge Co., East Berlin, Conn... Jan. 1903 


JUNIORS. 
WALLACE 
Structural Draftsman, Am. Bridge Co., Pencoyd, Pa...... Dec. 1902 
CLARKE 


JoHN HENRY 
Asst. Engr., Rapid Transit Comm., 308 West 30th 


THEOPHANES 
Regie des Tabacs, Galata, Constantinople, Turkey........ Nov. 1902 


With The United Coke Gas Co., Broadway Chambers 


RESIGNATIONS. 


ASSOCIATE MEMBERS. 


Date 
Resignation. 
ASSOCIATE. 
JUNIORS. 


Affai 


(4) 

(5) 

(6) 

(7) 

(9) 

(10) 

(15) 

(16) 

(20) 

(30 

(31) 


MONTHLY LIST RECENT ENGINEERING ARTICLES 


CURRENT ENGINEERING LITERATURE. 


INTEREST. 
(December 10th, 1902 January 13th, 1903.) 
This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 


any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possible. 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


fixed each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth Philadelphia. Pa., 
(2) Proceedings, Club Phila., 1122 
Girard St., delphia, Pa. 
(3) Journal, Inst., Philadel- 
hia, 
(4) Journal, Western Soc. Engrs., Mo- 
nadnock Block, Chicago, 
Transactions, Can. Soc. E., Mon- 
treal, Que., Canada. 
Univ., New York City, 
(7) Technotogy Inst. 
Tech., Boston, 
(8) Stevens Indicator, Stevens 
Inst., Hoboken, J., 
(9) Engineering York 
City, 25c. 


(10) Magazine, New York City, 


(11) Engineering (London), Wiley, 
New York City, 25c. 

(12) The Engineer (London), International 
News Co., New York City, 35c. 

(13) Engineering News, New ork City, 


(14) Record, New York 
Gazette, New York City, 


(16) Engineering and Mining Journal, 
New York City, 15c. 

(17) Street Railway Journal, New York 
City, 35c. 


(18) Railway and Review, 
Chicago, 

York 

(20) Iron Age, New York City, 10c. 

(a1) London, Eng- 


and, 25c. 
(22) and Coal Trades Review, Lon- 
don, England, 25c. 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

(a4) American Gas Journal, New 
York City, 10c. 

(as) New York City, 


Electrical Review, London, England. 
Electrical World and Engineer, New 
York City, 10c. 

(28) Journal, New England Water-Works 
Assoc., Boston, $1. 

(29) Journal, Society Arts, London, 

(30) Annales des Travaux Publics 
Belgique, Belgium. 

Annales del’ Assoc. des Ing. Sortis 

des Spéciales Gand, Brus- 

sels, Belgium. 


(32) Mémoires Compte Rendu des Tra- 
vaux, Soc. Ing. Civ. France. 
Paris, France. 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
chines, Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

Revue Technique, Paris, France. 

Revue Mécanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 


(40) Railway Age, Chicago, 10c. 
Modern Machinery ,Chicago, 
42) Transactions, Am. Elec. Engrs. 

New York 

Paris, France. 

(44) Journal, Military 
tion, Governor’s Island, New York 
Harbor, 50c. 

and Minerals, Scranton, Pa., 


(46) Scientific American, New York City, 
(47) Engineer, Manchester, 
England. 


(54) Transactions, Am. Soc. E., New 
York City, $5. 

(55) Transactions, Am. Soc. E., New 

(56) Inst. Min. 

ransactions, Am. Inst. Min. 
New York City, $5. 

(57) Colliery Guardian, London, England. 

Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, 50c. 

(59) Transactions, Mining Inst. Scot- 
London and Newcastle-upon- 


(60) pal Indianap- 
olis, Ind. 
(61) Proceedings, Railway Club, 
225 Dearborn St., Chicago, 
(62) American Manufacturer and Iron 
World, Ninth St., Pittsburg, 
(63) Minutes Proceedings, Inst. 
London, England. 
Power, New York City, 
Official Proceedings, Rail- 
(66) Journal Gas London, 
England, 15c. 
(67) Cement and Engineering News, Chi- 
cago, 
(68) Mining Journal, London, England. 
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CURRENT ENGINEERING LITERATURE. [Society 


LIST ARTICLES. 
Bridge. 


The Footbridge for Building the Cables the New East River Bridge.* Isaac Harby, 
Jun. Am. Soc. Vol. xlix. 

The Widening London Bridge.* (12) Serial beginning Dec. 

Construction the Blackwell’s Island Bridge Masonry.* (14) Dec. 13. 

The Design and Construction Brick Arch, Culvert across Rock Creek, Wash- 
ington, D.C.* W.J. Douglas. (13) Dec. 25. 

Bridges, Foundations, Docks and Water fronts, and Canals. William Burr, 

The Monongahela Bridge.* (14) Jan. 

The Mississippi River Bridge Thebes.* (15) Jan. 

Pont Monumental Luxembourg.* Cart. (38) Dec. 

Nouvelle Méthode pour Calcul Moment Résistance i/v Moment I.* 
Lathuilliére. (36) Dec. 10. 


Electrical. 


Investigations Magnetic Fields, with reference Ore-Concentration.* Walter 
Crane. (56) Vol. xxxi. 

Three-Wire System for Variable Speed Motor (42) Dec. 

Operated Coal Hoist Having Variable Speed Control.* Keilholtz. 

Dec. 
Series-Parallel Speed Control.* Geo. Fowler. (42) Dec. 
Voltage Speed Control for Trunk Line Service.* Ward Leonard. 
42) Dec. 

Continuous Current Motors for Machine Tools. Blackwell. (42) Dec. 

The Use Specification Forms Designing Dynamo Machinery, and the Design 
Rotary Converter. H.M. Hobart. (26) Serial beginning Dec. 

Commutation.* St. Hill Mawdsley. (26) Dec. 

Experiments the Application Pupin’s System Telephone Circuits. Dolezalek 
and Ebeling. (26) Serial beginning Dec. 12. 

Cleckheaton Electricity Works.* (26) Dec. 12. 

Imperial Telegraphic Communication. Charles Bright. (26) Serial beginning Dec. 12. 

Some Limits Heavy Electrical James Swinburne. 
address delivered before the Inst. Elec. Engrs.) (47) Serial beginning Dec. 13; 
(26) Serial beginning Dec. 12. 

Electrochemical Oscillations.* Woolsey McA. Johnson. (27) Dec. 13. 

Three-Phase Measurements.* A.S. McAllister. (27) Dec. 13. 

The Manufacture and Laying the Vera Cruz-Frontera-Campeche Cable for the Mexi- 
can Government.* (27) Dec. 

Photometry for Electricians and Others. (66) Dec. 16. 

Electrons. Sir Oliver Lodge. (Paper read before the Inst. Elec. Engrs.) (26) 
Serial beginning Dec. 19. 

Present-Day Continuous-Current Designing. Fred. Davies. (26) Dec.. 


Electric Heating and Lighting the Carnegie Residence, New York.* (14) Dec. 20. 
Photoelectric Telephone.* Collins. (27) Dec. 20. 

French System Train Letheule. (27) Dec. 20. 

Electric Furnaces.* Clinton Paul Townsend. (27) Dec. 20. 

The New Niagara.* Waldon Fawcett. (62) Dec. 25. 

Electricity Supply Hastings.* Dec. 26. 

The Designing Polyphase Current Machines. David Bergman. (26) Dec. 26. 
300-Kilowatt Triple-Expansion Engine; Middlesbrough Electricit orks.* Dec. 26. 


Electrically-Driven Quadruplex Two-Stage Compressors, and Their Use for Power 
Collieries and Works.* (22) Dec. 26. 

The Cauvery Power Plant.* (16) Dec. 27. 

The Cost Electric Light and Electric Light Plants (60) Jan. 

Electric Power India; the Cauvery Falls Plant.* (10) Jan. 

the Design and Operation Electric Plants.* Percival Robert Moses. (9) 

an. 

Modern Tendencies the Development Power. John Joseph 
Flather, Am. Soc. (Abstract Vice-Presidential address before the Am. 
Assoc. for the Advancement Science.) (13) Jan. 

The Water and Electric Power System the Pike’s Peak Power Co., Col.* 
Hardesty. (13) Jan. 

The First Three-Phase Power Transmission Plant Europe Operating 30,000 Volts.* 
Behn-Eschenburg. (27) Jan. 

Analysis Wireless Telegraph Systems 1902.* Frederick Collins. (27) 

The Relation Synchronous Impedance the Impedance Standstill. Townsend, 

Telephone Cables, Cost Cable Wire Plant. Arthur Abbott. (27) Jan. 

New Shops the British Thomson-Houston Company.* (27) Jan. 

Three-Phase Measurements. Leslie Perry. (27) Jau. 10. 

Electrical Supply from Water Power Portland, Me.* Alton Adams. (27) Jan. 10. 
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CURRENT ENGINEERING LITERATURE. 


Electrical—(Continued). 


Mesure d’un Seul Puissance dans les Circuits Equilibrés, Par- 
courus par des Courants Triphasés.* Octave Robert. (36) Dec. 10. 

Station Centrale Electrique Waterside New York.* (33) Dec. 13. 

Fabrication des Lampes Electriques Incandescence.* Paul Razous. (33) Dec. 20. 


Marine. 


The Submarine Torpedo Boat, Protector.* (12) Dec. 12. 


The Turbine Propulsion Passenger Vessels.* Herbert Fyfe. (46) 
ec. 13. 


The New German Battleship H.* (12) Dec. 19. 

The New Armored Cruisers Tennessee and Washington.* (46) Dec. 27. 

Developing British War Post, Outlay 000 (Dockyard Extension).* Archi- 
Hurd. (10) Jan. 

New Departure British Cruiser Machinery; the Question Water-Tube Boilers.* 
George Halliday. (10) Jan. 

Shipbuilding Company’s Plant, Camden, (14) Serial beginning 

Mechanical. 


Problems Hauling and Hoisting. Alexander Bowie. Vol. xxxi. 

The D’Auria Air-Compressor.* Henry Morris. (56) Vol. xxxi. 

Machine Tools. Jas. Cullen. (61) Nov. 18. 

Some Notes Several Types Mantles for Incandescent Gas Burners. William Lin- 
coln Smith. Dec. 


The Machine Shops Individual Electric Motors. (42) 


ec. 

Modern Handling Iron Ore the Great Lakes.* Jas. Hatch. (4) Dec. 

Management the New Century.* Robert Buchanan. (9) Serial beginning 


Flow Through Centrifugal Pumps.* Jas. Alex. Smith. (Paper read before the Vic- 
torian Inst. Engrs.) Dec. 
The Brunck System By-Product Coke Ovens.* (22) Dec. 


The Lighting Factories. Brearley. (Paper read before the Manchester District 
Inst. Gas Engrs.) (66) Dec. 


Tron Flue Dust. Hale. (20) Dec. 11. 

High Pressure Steam Piping. William Andrews. (Paper read before the Engine 
Builders’ Assoc. the (20) Dec. 11; Dec. 18; (14) Dec. 20. 

Manufacture Steel the Electric Furnace.* (Translation with additions McN. 
Bennie paper Bertolus St. Etienne, France, entitled, Notice sur 
Fabrication des Aciers Four (20) Dec. 11. 

The Useof Blast Furnace Gasin Gas Engines.* Cecil Cochrane. (Abstract Paper 
before the Cleveland Inst. Engrs.) (22) Dec. 12; (11) Serial beginning Dec. 


12. 

Gas Engine Diagrams.* W.H. Booth. (26) Dec. 12. 

Gas Engines for Electric Stations. Baillie. (12) Dec. 12. 

Plant for Testing Cables High Pressures. Stuart Russell. (12) Dec. 12. 

Three Cylinder Compound Gas Engine.* (12) Dec. 12. 

Compressed Air Transportation Agent.* Waldon (46) Dec. 

Combined Charging and Drawing Machine; Remarkable Figures Labour Ma- 
chine Working.* (66) Dec. 16. 

New Gas-Works for Glyncorrwg; Design for Small Plant.* (66) Dec. 16. 

Water Controlled Forter Reversing Valve.* (20) Dec. 18. 

Ingots.* A.Harmet. (Paper read before the Iron and Steel Institute 
Diisseldorf.) (62) Dec. 18. 

The Development Tool Steel. French. (Read before Am. Assoc. for.the 
Advancement Science, Pittsburg.) (62) Dec. 18. 

The Double-Acting Two-Cycle Gas Engine, Kérting’s Patent. (22) Dec. 19. 

Gas Engines for Central Stations. (26) Dec. 19. 

The Use Gas Gas Engines. Cecil Cochrane. (Abstract Paper 
read meeting Cleveland Inst. Engrs.) (57) Dec. 19. 

Regulator for Air Gas Compressors.* (47) Dec. 20. 

Electrically-Operated Charging Machines, and Conveying Apparatus 
Tron and Steel Works.* Frank Perkins. (19) Dec. 20. 

Steam Turbines; with Special Reference the Laval Turbine.* Konrad Andersson. 
(Paper read before the Inst. Engrs. and Shipbuilders Scotland.) (47) Serial 
beginning Dec. (abstract) (17) Dec. 20. 

Notes Recent Experiments with Mechanical Lamps.* (16) Dec. 20. 


onsumption Gas and Gasoline Engines. Albert Stritmatter. (62) 
25. 


Steam Superheaters. (62) Dec. 25. 

The American Ball Duplex Compound Engine.* (40) Dec. 26. 

The Gas and Allied Vivian Lewes. (29) Serial begin- 
ning Dec. 26. 


The Machinery for the Consett Iron Company’s Garesfield and Derwenthaugh Inclined 
Railway.* (22) Dec. 26. 
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CURRENT ENGINEERING LITERATURE. 


Mechanical—(Continued). 


Triple-Expansion Engine; Middlesbrough Electricity Works.* (11) 

26. 

Steel Ball-Bearings.* (11) Dec. 26. 

Thread-Milling Machine.* Dec. 26. 

Municipal Motor Wagons.* Archibald Sharp, (Paper read Confer- 
ence Engrs. and Surveyors, Sanitary Inst. Cong.) (47) Dec. 27. 

Flywheel Capacity for Engine-Driven Alternators. (47) Dec. 27. 

The Gas Engine.* (18) Dec. 27. 

Large Stop Valves for High Pressure Steam.* Hamilton Gibson. (Paper read 

fore the North Inst. Engrs. and Shipbuilders.) (57) Dec. 24; (47) 

Serial beginning Dec. 27. 

Water Tube Boilers.* (19) Dec. 27. 

meeting Engine Builders’ Assoc. the (13) 11; 

Some Economical Gas Burning Appliances.* W.H. Test. (24) Dec. 

Notable Experiences with blue water gas Ilford. (66) Dec. 30. 

Germany, How They Are Made and Used.* Frank Mason. (10) 


aper read 
(19) Dec. 27. 
29. 


Cut and Some American Machinery for Its Manufacture.* Oscar Beale. 
10) Jan. 

Tool Progress, Feeds and Drives.* Obert. (25) Serial beginning 


Some Interesting New Driving-Wheel Lathes, Extra Heavy and Special Design for 
Very Rapid Cutting.* Jan. 

The Williams Engine.* (64) Jan. 

The Use Surveying Instruments Machine Shop Practice.* (41) Jan. 

The Milling-Cutter Applied the Production Screw-Threads.* 


Jan. 
Evolution the Drop Hammer for Die Forging. Merrill, (13) 
an. 


Diescher Coal Washing System. (62) Jan. 


Steam Engine vs. Internal Combustion Engine, for Electric Power Generating Plants.* 
Frank Perkins. (41) Jan. 

Smokeless Combustion Bituminous Fuels. Booth. (Extracts from Paper read 
before the British Assoc.) (18) Jan. 


The Steam Power Plants. Geo. Barrus, Am. Soc. 


Jan. 

The Hult Rotary Steam Engine.* (62) Jan. 

Some Requirements Machine Tool Operation; with Special Reference the Motor 
Drive.* Charles Day. (Condensed from paper read before the Elec. Soc.) (13) 
Jan. (20) Jan. (15) Jan. (27) Jan. 10; (25) Jan. 

New Power Plant, Michigan Central Shops, Jackson, Mich.* (18) Jan. 10. 

Pompes Grande Vitesse.* Lecuir. (37) Nov. 

Tour Vertical Bullard.* (37) Nov. 

des Chaudiéres Vapeur.* Sinigaglia. (37) Dec. 

Note sur les (30) Dec. 

Calculs des Parois Armatures des Tuyaux Section Circulaire, Poses sur Sol.* 
Birault. {33} Serial beginning Dec. 13. 

Emploi Comprimé dans les Chautiers Construction.* (33) 


(14) 


Serial beginning Dec. 20. 
Metallurgical. 


Rapid Assay for Silver and Gold Metallic Copper. Geo. Heath. (56) Vol. xxxi. 

Concentrating-Tests and Calculations. Otto Pfordte. (56) 

The Forecast Chemical Reactions from Algebraic Signs the Quantities Heat 

Hearth-Lining for Furnace Smelting Copper-Ore.* William Glenn. 
(56) Vol. xxxi. 

Study the Effect Heat-Treatment Crucible Steel Containing One Per Cent. 
Carbon.* George Sargent. (56) Vol. xxxi. 

The Constitution Cast-Iron, with Remarks Current Opinions Concerning It.* 
Howe. (56) Vol. xxxi. 

The Use the Tri-Axial Diagram the Calculation Slags.* Ernest Hersam. (56) 
Vol. xxxi. 

Electric-Resistance Magnesia Crucible-Furnace for Laboratory-Use.* Henry 
Howe. (56) Vol. xxxi. 

The Alloys Lead and Tellurium.* Henry Fay and Gillson. (56) Vol. xxxi. 

The Electrical Burner for Blast-Furnaces. F.L.Grammer. (56) Vol. xxxi. 

The Cyanide-Assay for Harry Huntington (56) Vol. xxxi. 

Slag-Constitution, Studied Means the Tri-Axial Diagram with Rectangular Co- 
ordinates.* Everett Ashley. (56) Vol. xxxi. 

The Litharge Process Assayin Ores and Products, and the Method 
Calculating Charges. alter Perkins. (56) Vol. xxxi. 


The Alloys Antimony and Tellurium.* Henry Fay and Harrison Everett Ashley. 
(56) Vol. xxxi. 


Tilustrated. 
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CURRENT ENGINEERING LITERATURE. 


Metallurgical—(Continued). 


Sulphide Pig-Iron.* Andrew Blair and Porter Shimer. (56) Vol. 


The Treatment the Process the Athabasca Mine, near Nelson, 
British Columbia.* Nelson Fell. (56) Vol. xxxi. 

with Bromo-Cyanogen Southern Gold-Ores. Brockunier. (56) 

ol. xxxi. 
and Estimation Small Quantities Gold and Silver.* Luther Wagoner. 
Vol. xxxi. 

The Magnetic Properties Iron and Steel Liquid Air Temperatures.* Trow- 
bridge. (6) Nov. 

Electricity Modern Steel Making.* John (9) Dec. 

Malleable Cast Iron. Diller. (From the Journal the Amer. 
Assoc.) (13) 11. 

Aluminum and its Alloys. (19) Dec. 13. 

Effect the Coarse Structure Over-Heated Steel. Fredrik 
(12) Dec. 19. 

Cupriferous Gold Ores Cyanide Potassium. Louis Janin, Jr. 

20. 

Cyaniding Concentrates Percolation Choukpazat. Wright. (Paper read 
before the Inst. Mining and Metallurgy. London.) (16) Dec. 

The Copper Assay the Iodide Method.* Albert Low. (From the Journal, Amer. 
Chemical Soc., Nov., Dec. 27. 

Attempted Defense the Electric Smelting [ron Ores. (13) Jan. 

New Ore Classifier.* (13) Jan. 

The Fan Blower and Its Application the Cupola Furnace. R.B. Hayward. (Paper 
read before the Pittsburgh Assoc.) (20) 


Mining. 


Douglas Colliery. Douglas Jackson. (59) Vol. xxv. 

Apparatus for Controlling Railway-Wagons While Loading Colliery Screens.* 
Miller. (59) Vol. xxv. 

Sinking the Seashore Musselburgh.* Robert Martin. (59) Vol. xxv. 

Note Cheap Gold-Milling Mexico. Henry Collins. (56) Vol. xxxi. 

The Missouri and Arkansas Zinc-Mines the Close 1900.* Eric Hedburg. (56) Vol. 


xxxi. 

The Great Oil-Well near Texas.* Anthony Lucas. (56) Vol. xxxi. 

Some Principles Controlling the Deposition Ores. Van Hise. (56) Vol. xxxi. 

The Deposits Copper-Ores Ducktown, Tenn. (56) Vol. xxxi. 

Remarks Mine-Surveying Instruments, with Special Reference Mr. Dunbar 
Scott’s Paper their Evolution and its Discussion.* Hoskold. (56) Vol. 
xxxi. 

Problems the Geology Ore-Deposits. J.H.L Vogt. Vol. xxxi. 

The the Igneous Rocks the Formation (56) Vol. xxxi. 

xxxi. 

The Coal-Fields Northeastern China.* Noah Fields Drake. (56) Vol. xxxi. 

Note Mining Low-Grade Gravel. William Radford. (56) Vol. xxxi. 

The Klein Jig and the Klein Classifier.* Ferdinand Regel. (56) Vol. xxxi. 

The Delamar and the Horn Silver Mines: Two Ore Deposits the Deserts 
Nevada and Utah.* (56) Vol. xxxi. 

Some Recently Exploited Wolframite the Black Hills South Dakota.* 
J.D.Irving. (56) Vol. xxxi. 

Gold-Mining the Transvaal, South Africa.* John Hays Hammond. (56) Vol. xxxi. 

The Operation the Hole-Contract System the Center War Eagle Mines, 
Rossland, Carl Davis. (56) Vol. xxxi. 

Influence Country-Rock Mineral Veins.* Walter Harvey Weed. (56) Vol. xxxi. 
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Sewerage Work: Twenty-five Years’ Review. Rudolph Hering, Am. 
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PROGRESS REPORT SPECIAL COMMITTEE 
UNIFORM TESTS CEMENT. 


PRESENTED THE ANNUAL MEETING, JANUARY 1903. 


Your Committee Uniform Tests Cement has devoted much 
time, and given very careful consideration, the subject. Frequent 
meetings have been held, and number investigations carried on, 
some which cannot finally reported this time. 

several matters which have been considered, such the substi- 
tution natural sand for the standard quartz, and the tests for the 
normal consistency and constancy volume, the Committee has not 
reached final conclusions. 

While not prepared submit final report, the Committee feels 
that should present report progress order that the Society 
may informed the results its investigations and conclusions. 

order full justice the subject under consideration, 
will necessary compile and report the results the experiments 
now under way, and your Committee asks, therefore, that 
continued. 

SAMPLING. 


Sample.—The selection the sample for testing 
detail that must left the discretion the engineer; the number 
and the quantity taken from each package will depend largely 
the importance the work, the number tests made and the 
facilities for making them. 


this report requested. 
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2.—The sample shall fair average the contents the pack- 
age; recommended that, where conditions permit, one barrel 
ten sampled. 
3.—All samples should passed through sieve twenty 
meshes per linear inch, order break lumps and remove foreign 
material; this also very effective method for mixing them together 
order obtain average. For determining the characteristics 
shipment cement, the individual samples may mixed and the 
average tested; where time will permit, however, reeommended 
that they tested separately. 
Sampling.—Cement barrels should sampled 
through hole made the center one the staves, midway between 
the heads, the head, means auger sampling iron 
similar that used sugar inspectors. bags, should 
taken from surface center. 


CHEMICAL ANALYSIS. 


5.—Significance.—Chemical analysis may render valuable service 
the detection adulteration cement with considerable amounts 
inert material, such slag ground limestone. use, also, 
determining whether certain constituents, believed harmful 
when excess certain percentage, magnesia and sulphuric 
anhydride, are present inadmissible proportions. While not recom- 
mending definite limit for these impurities, the Committee would 
suggest that the most recent and reliable evidence appears indicate 
that magnesia the amount 5%, and sulphuric anhydride the 
amount 1.75%, may safely considered harmless. 

6.—The determination the principal constituents cement— 
silica, alumina, iron oxide and lime—is not conclusive indication 
quality. Faulty character cement results more frequently from 
imperfect preparation the raw material defective burning than 
from incorrect proportions the constituents. Cement made from 
very finely-ground material, and thoroughly burned, may contain 
much more lime than the amount usually present and still per- 
fectly sound. the other hand, cements low lime may, account 
careless preparation the raw material, dangerous character. 
Further, the ash the fuel used burning may greatly modify the 
composition the product largely destroy the significance the 
results analysis. 

7.—Method.—As method followed for the analysis cement, 
that proposed the Committee Uniformity the Analysis 
Materials for the Portland Cement Industry, the New York Section 
the Society for Chemical Industry, and published the 
the Society for January 15th, 1902, 
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specific gravity cement lowered 
underburning, adulteration and hydration, but the adulteration must 
considerable quantity affect the results appreciably. 
9.—Inasmuch the differences specific gravity are usually very 
small, great care must exercised making the determination. 


LE CHATELIER S SPECIFIC GRAVITY APPARATUS. . 
Fie. 


10.—When properly made, this test affords quick check for under- 
burning adulteration. 

11.—Apparatus and Method.—The determination specific gravity 
most conveniently made with Chatelier’s apparatus. This 
consists flask (D), Fig. 120 cu. (7.32 cu. ins.) capacity 
the neck which about cm. long; the middle this 


lf 


neck bulb (C), aboveand below which are two marks and 
the volume between these marks cu. cm. (1.22 cu. ins.). The neck 
has diameter about mm. (0.35 in.), and graduated into tenths 
cubic centimeters above the bulb. 

12.—Benzine (62° Baumé naphtha), kerosene free from water, 
should used making the determination. 

13.—The specific gravity can determined two ways: 


(1) The flask filled with either these liquids the lower mark 
and gr. (2.25 powder, previously dried 100° Cent. 
(212° Fahr.) and cooled the temperature this liquid, gradually 
introduced through the funnel (B) [the stem which extends into 
the flask the top the bulb until the upper mark 
reached. The difference weight between the cement remaining 
and the original quantity (64 gr.) the weight which has displaced 
cu. cm. 

14.—(2) The whole quantity the powder introduced, and the 
level the liquid rises some division the graduated neck. This 
reading plus cu. cm. the volume displaced gr. the 
powder. 

15.—The specific gravity then obtained from the formula: 


16.—The flask, during the operation, kept immersed water 
jar (A), order avoid variations the temperature the liquid. 
The results should agree within 0.01. 

17.—A convenient method for cleaning the apparatus follows: 
The flask inverted over large vessel, preferably glass jar, and 
shaken vertically until the liquid starts flow freely; then held 
still vertical position until empty; the remaining traces cement 
can removed similar manner pouring into the flask small 
quantity clean liquid and repeating the operation. 

18.—More accurate determinations may made with the picnom- 
eter. 


generally accepted that the coarser particles 
cement are practically inert, and only the extremely fine powder 
that possesses adhesive cementing qualities. The more finely 
cement pulverized, all other conditions being the same, the more 
sand will carry and produce mortar given strength. 

degree final pulverization which the cement receives 
the place manufacture ascertained measuring the residue 
retained certain sieves. Those known the No. 100 and No. 200 
sieves are recommended for this purpose. 
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21.— Apparatus.—The sieves should circular, about cm. (7.87 
ins.) diameter, cm. (2.36 ins.) high, and provided with pan, 
(1.97 ins.) deep, and cover. 

22.—The wire cloth should woven (not twilled) from brass wire 
having the following diameters: 


No. 100, 0.0045 No. 200, 0.0024 in. 

23.—This cloth should mounted the frames without distor- 
tion; the mesh should regular spacing and within the 
following limits: 

No. 100, 100 meshes the linear inch. 

24.—Fifty grams (1.76 100 gr. (3.52 oz.) should used for 
the test, and dried temperature 100° Cent. (212° Fahr.) prior 
sieving. 

Committee, after careful investigation, has 
reached the conclusion that mechanical sieving not practicable 
efficient hand work, and, therefore, recommends the following 
method: 

26.—The thoroughly dried and coarsely screened sample weighed 
and placed the No. 200 sieve, which, with pan and cover attached, 
held one hand slightly inclined position, and moved forward 
and backward, the same time striking the side gently with the palm 
the other hand, the rate about 200 strokes per minute. The 
operation continued until not more than one-tenth passes 
through after one minute continuous sieving. The residue 
weighed, then placed the No. 100 sieve and the operation repeated. 
The work may expedited placing the small quantity 
large shot. The results should reported the nearest tenth 
per cent. 


making the pastes* from which pats, tests setting and briquettes 
are made, exceedingly important, and affects vitally the results 
obtained. 

28.—The determination consists measuring the amount water 
required reduce the cement given state plasticity, what 
usually designated the normal consistency. 

29.—Various methods have been proposed for making this deter- 
mination, none which has been found entirely satisfactory. The 
Committee recommends the following: 

30.—Method. Vicat Needle Apparatus.—This consists frame (K), 
Fig. bearing movable rod with the cap (A) one end, and 
the other end the cylinder (B), cm. (0.39) in. diameter, the cap, 


The term used this report designate mixture cement and 
water, and the word mixture cement, sand and water. 
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rod and cylinder weighing 300 gr. (10.58 oz.). The rod, which can 
held any desired position screw carries indicator, 
which moves over scale (graduated centimeters) attached the 
frame (K). The paste held conical, hard-rubber ring (J), 
(2.76 ins.) diameter the base, cm. (1.57 ins.) high, resting 
glass plate (J), about cm. (3.94 ins.) square. 

31.—In making the determination, 500 gr. (17.64 oz.) cement are 
kneaded into paste, described Paragraph 58, and quickly 
formed ball with the hands, completing the operation 
tossing six times from one hand the other, maintained ins. 
apart; the ball then pressed into the rubber ring, through the 


VICAT NEEDLE. 


larger opening, smoothed off, and placed glass plate (on its 
large end) and the smaller end smoothed off with trowel; the paste, 
confined the ring, resting the plate, placed under the rod 
bearing the cylinder, which brought contact with the surface 
and quickly released. 

32.—The paste normal consistency when the cylinder pene- 
trates point the mass mm. (0.39 in.) below the top the 
ring. Great care must taken fill the ring exactly the top. 
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33.—The trial pastes are made with varying percentages water 
until the correct consistency obtained. 

34.—The Committee believes that the normal consistency should 
produce rather wet paste, since this consistency tends greater 
uniformity the mixing, and there less liability compressing 
the briquettes during the moulding. 

35.—Having determined this manner the proper percentage 
water required produce neat paste normal consistency, the 
proper percentage required for the sand mortars obtained from 
empirical formula. 

36.—The Committee hopes devise such The subject 
proves avery difficult one, and, although the Committee has 
given much study, not yet prepared make definite recom- 
mendation. 


SETTING. 


37.—Significance.—The object this test determine the time 
which elapses from the moment water added until the paste ceases 
fluid and plastic (called the ‘‘initial and also the time 
required for acquire certain degree hardness (called the 
hard The former these the more important, 
since, with the commencement setting, the process crystallization 
hardening said begin. disturbance this process may 
produce loss strength, desirable complete the operation 
mixing and moulding the mortar into the work before 
the cement begins set. 

usual measure arbitrarily the beginning and end 
the setting the penetration weighted wires given diameters. 

39.— this purpose the Vicat Needle, which has already 
been described Paragraph 30, should used. 

40.—In making the test, paste normal consistency moulded 
and placed under the rod (L), Fig. described Paragraph 31; 
this rod, bearing the cap (D) one end and the needle (H), mm. 
(0.039 in.) diameter, the other, weighing 300 gr. (10.58 The 
needle then carefully brought contact with the surface the 
paste and quickly released. 

41.—The setting said have commenced when the needle ceases 
pass point mm. (0.20 in.) above the upper surface the glass 
plate, and said have terminated the moment the needle does not 
sink visibly into the mass. 

42.—The test pieces should stored moist air during the test; 
this accomplished placing them rack over water contained 
pan and covered with cloth, the cloth kept away 
from them means wire screen; they may stored moist 
box closet. 


43.—Care should taken keep the needle clean, the collec- 
tion cement the sides the needle retards the penetration, 
while cement the point reduces the area and tends increase the 
penetration. 

44.—The determination the time setting only approximate, 
being materially affected the temperature the mixing water, the 


DETAILS FOR BRIQUETTE. 


temperature and humidity the air during the test, the percentage 
water used, and the amount moulding the paste receives. 


STANDARD 


45.—The Committee recognizes the grave objections the standard 
quartz now generally used, especially account its high percent- 
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age voids, the difficulty compacting the moulds, and its lack 
uniformity; has spent much time investigating the various 
natural sands which appeared available and suitable for use. 

46.—For the present, the Committee recommends the natural sand 
from Ottawa, pass sieve having meshes per linear 
inch and retained sieve having meshes per linear inch; the 
wires have diameters 0.0165 and 0.0112 in., respectively, 
half the width the opening each case. 

47.—The Sandusky Portland Cement Company, Sandusky, Ohio, 
has agreed undertake the preparation this sand, and furnish 
price only sufficient cover the actual cost preparation. 


Form 


48.—While the form the briquette recommended former 
Committee the Society not wholly satisfactory, this Committee 
not prepared suggest any change, other than rounding off the 
corners curves }-in. radius, Fig. 


49.—The moulds should made brass, bronze some equally 
non-corrodible material, having sufficient metal the sides pre- 
vent spreading during moulding. 

moulds, which permit moulding number briquettes 
one time, are preferred many single moulds; since the greater 
quantity mortar that can mixed tends produce greater uni- 
formity the results. The type shown Fig. 

51.—The moulds should wiped with oily cloth before using. 


DETAILS FOR GANG MOULD. 


52.—All proportions should stated weight; the quantity 
water used should stated percentage the dry material. 

53.—The metric system because the convenient 
relation the gram and the cubic centimeter. 

54.—The temperature the room and the mixing water should 
near 21° Cent. (70° Fahr.) practicable maintain it. 
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55.—The sand and cement should thoroughly mixed dry. The 
mixing should done some non-absorbing surface, preferably plate 
glass. the mixing must done absorbing surface should 
thoroughly dampened prior use. 

56.—The quantity material mixed one time depends 
the number test pieces made; about 1000 gr. (35.28 
makes convenient quantity mix, especially hand methods. 

57.—The Committee, after investigation the various mechanical 
mixing machines, has decided not reeommend any machine that 
thus far been devised, for the following reasons: 

(1) The tendency most cement ball the machine, 
thereby preventing the working into homogeneous paste; (2) 
there are means ascertaining when the mixing complete with- 
out stopping the machine, and (3) the difficulty keeping the machine 
clean. 

material weighed and placed the mixing 
table, and formed the center, into which the proper per- 
centage clean water poured; the material the outer edge 
turned into the crater the aid trowel. soon the water has 
been absorbed, which should not require more than one minute, the 
operation completed vigorously kneading with the hands for 
additional minutes, the process being similar that used 
kneading dough. sand-glass affords convenient guide for the 
time kneading. During the operation mixing, the hands should 
protected gloves, preferably rubber. 


59.—Having worked the paste mortar the proper consistency, 
once placed the moulds hand. 

60.—The Committee has been unable secure results 
with the present moulding machines; the operation machine mould- 
ing very slow, and the present types permit moulding but one 
briquette time, and are not practicable with the pastes mortars 
herein recommended. 

61.—Method.—The moulds should filled once, the material 
pressed firmly with the fingers and smoothed off with trowel 
without ramming; the material should heaped the upper 
surface the mould, and, smoothing off, the trowel should 
drawn over the mould such manner exert moderate pres- 
sure the excess material. The mould should turned over and 
the operation repeated. 

62.—A check upon the uniformity the mixing and moulding 
afforded weighing the briquettes just prior immersion, upon 
removal from the moist closet. Briquettes which vary weight more 
than from the average should not tested. 
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63.—During the first hours after moulding, the test pieces 
should kept moist air prevent them from drying out. 

64.—A moist closet chamber easily devised that the use 
the damp cloth should abandoned possible. the test 
pieces with damp cloth objectionable, commonly used, because 
the cloth may dry out unequally, and, consequence, all the test 
pieces are not maintained under the same condition. Where moist 
closet not available, cloth may used and kept uniformly wet 
immersing the ends water. should kept from direct contact 
with the test pieces means wire screen some similar arrange- 
ment. 

65.—A moist closet consists soapstone slate box, metal- 
lined wooden box—the metal lining being covered with felt and this 
felt kept wet. The bottom the box constructed hold 
water, and the sides are provided 
with cleats for holding glass shelves 
which place the briquettes, 
Care should taken keep the 
air the closet uniformly moist. 

66.—After hours moist air, 
the test pieces for longer periods 
time should immersed 
water maintained near 21° Cent, 
(70° Fahr.) practicable; they may 
stored tanks pans, which 
should non-corrodible mate- 
rial. 

TENSILE STRENGTH. 


67.—The tests may made 
any standard machine. 
metal clip, shown Fig. 
used without cushioning the 
points contact with the test 
specimen. The bearing each 
point contact should in. 
wide, and the distance between the 
center contact the same clip 
should ins. 

68.—Test pieces 
broken they are re- 
should observed centering Fic. 
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the briquettes the testing machine, cross-strains, produced 
improper centering, tend lower the breaking strength. Theload 
should not applied too suddenly, may produce vibration, the 
shock from which often breaks the briquette before the ultimate 
strength reached. Care must taken that the clips and the sides 
the briquette clean and free from grains sand dirt, which 
would prevent good bearing. The load should applied the 
rate 600 lbs. per minute. The average the briquettes each 
sample tested should taken the test, excluding any results which 
are manifestly faulty. 


CONSTANCY VOLUME. 


object develop those qualities which 
tend destroy the strength and durability cement. 
highly essential determine such qualities once, tests this char- 
acter are for the most part made very short time, and are known, 
therefore, accelerated tests. Failure revealed cracking, check- 
ing, swelling disintegration, all these phenomena. cement 
which remains perfectly sound said constant volume. 

for constancy volume are divided into 
two classes: (1) normal tests, those either air water 
maintained about Cent. (70° and (2) accelerated 
tests, those made air, steam water temperature 
45° Cent. (115° Fahr.) and upward. The test pieces should 
allowed remain hours moist air before immersion water 
steam. 

71.—For these tests, pats, about cm. (2.95 ins.) diameter, 
em. (0.49 in.) thick the center, and tapering thin edge, should 
made, upon clean glass plate [about cm. square], from 
cement paste normal consistency. 

pat immersed water maintained near 
21° Cent. (70° possible for days, and obseryed intervals; 
the pat should remain firm and hard and show signs cracking, 
distortion disintegration. 

vessel filled with fresh water, but without allowing touch the 
bottom. The water then gradually raised temperature 45° 
Cent. (115° Fahr.) and maintained this temperature for hours; 
steam, above boiling water, loosely closed vessel, for hours. 

74.—To pass these tests satisfactorily, the pats should remain 
firm and hard, and show sigus cracking, distortion disinte- 
gration. 

75.—Should the pat leave the plate, distortion may detected best 


with straight-edge applied the surface which was contact with 
the plate. 


76.—In the present state our knowledge cannot said that 
cement should necessarily condemned simply for failure pass the 
accelerated tests; nor can cement considered entirely satisfactory, 
simply because has passed these tests. 
Submitted behalf the Committee, 
WEBSTER, 
Chairman. 


Secretary. 
Committee. 


WEBSTER, 
ALFRED NOBLE, 

CLIFFORD RICHARDSON, 
Howe, 
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THE PANAMA CANAL. 


March 5th, 1902, paper* one the most important features 
the Panama Canal was presented the writer. That paper 
fined single detail, although very important one. The present 
paper covers larger scope, and takes the principal features the 
canal, 

The Isthmian Canal Commission, its report, tried place the two 
canals, Panama and Nicaragua, nearly the same basis possible; 
eliminating from each scheme special advantages and economies which 
might applicable one, but could not the other. There 
were several points which the writer differed from his colleagues, 
and, while these differences not affect the general conclusion, his 
individual views have influenced the present paper. 


Much has been said the great value tide-level canal and its 
unlimited capacity. 


This unlimited capacity more apparent than 
real. tide-level canal will require tide lock the Pacific end, and, 
although both gates can left open mean tide, that the length 


The Bohio Transactions, Am. Soc. E., Vol. xlviii, 285. 
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lock not limiting factor, its breadth and depth are. The diffi- 
culties controlling floods are greater the tide-level canal than 
the canal with locks, and the advantage broad inland lake lost. 
Still, the writer believes that the tide-level canal would the better 
canal when done, but that the difficulties which would attend its con- 
struction, the greater cost, and especially the longer time involved, 
preclude its selection. paper both plans canal are described, 
and comparative estimates given some detail. 

The locks are enormous dimensions, and, while few engineers 
would doubt the feasibility locks long, more than ft. wide, 
with more than ft. lift, conservatism cautions against this great 
lift can avoided. Partly for this reason, the writer has selected 
the Tiger Hill Cut-Off line for the high-level canal, which permits the 
rise from the Atlantic Lake Bohio divided into three lifts 
instead two, shortens the line, and places farther from the 
Chagres. The old location not condemned, but the cut-off pre- 
ferred. The fact that the use intermediate level the head 
water against the dam reduced explains the difference the seepage 
figures used this paper and those the paper The 
Bohio Dam.” 


GENERAL DESCRIPTION. 


Panama the actual width the Isthmus from tide water tide 
water, straight line, only miles. The continental divide 
about miles from the Pacific, and places less than 300 ft. above 
mean tide. Between this low mountain ridge and the Atlantic lies 
hilly country, intersected streams, the drainage which into 
the Atlantic through the Chagres River. The Chagres rises the 
mountains about miles east the canal location and enters the 
Caribbean Sea some miles west the Atlantic terminus the canal. 
The valley the Chagres, with the low country adjacent it, forms 
natural approach from the Atlantic side. pass from this valley 
the Pacific, necessary boldly across the low ridge the 
Cordilleras. The route selected the original French company for 
the Panama Canal is, general way, the same that which 
the Panama Railroad was built years before. Subject varia- 
tions detail, the routes are practically one, and the only possible 
route this part the Isthmus. The total distance either rail- 
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road canal from deep water deep water is, round numbers, 
miles, which miles are the Atlantic coastal plain and the 
valley the Chagres; miles are the passage the ridge, and 
the balance the low lands near the Pacific. the actual distance 
from the Atlantic shore line the Pacific shore line, not including 
the extensions into deep water, almost exactly two-thirds, being the 
portion north Obispo, are within the drainage the Chagres, and 
one-third the crossing from the Chagres the Pacific. 

The Chagres tropical mountain stream, with the excessive 
variations which belong such river. Its maximum flood dis- 
charge approximately 200 times its minimum dry-season discharge. 
The its total drainage basin, though not completely surveyed, 
about 200 sq. miles. has comparatively rapid fall, which 
greatest near the source. the point where the canal leaves the 
Chagres valley cross the divide, the bottom the Chagres River 
about ft. above mean tide. The principal difficulties the 
northern portion the canal, from Colon Obispo, lie the control 
the Chagres River; the principal difficulty the remainder the 
summit cut. tide-level canal, such the original French Com- 
pany proposed build, these two difficulties were virtually all. With 
the abandonment the tide-level scheme and the adoption 
summit level reached locks, the problem water supply for this 
summit level was added, but, the only source gravity supply for 
such summit level the Chagres River, the problems the control 
this river and the use its water feed the canal are very 
intimately connected. 

Besides these, there are the harbors, which present difficulties, 
though not serious ones, each end the canal; the dimensions 
locks which should used, and the changes which the construction 
the canal must necessarily make the Panama Railroad. These 
matters call for only brief consideration. 

The dimensions the canal itself are the utmost importance, 
and estimates can made, even preliminary character, with- 
out determining them. The dimensions adopted the French Com- 
pany are general way those the Suez Canal. The Suez Canal 
salt-water canal throughout. The Panama Canal will fresh-water 
canal, and will also warm-water canal, the water weighing 62.2 
lbs. per foot, about less than the water the ocean. The Suez 
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Canal has depth m., 29.5 ft. accommodate ships equal 
size, the Panama Canal should least ins. deeper. The Suez 
Canal cannot accommodate the largest class ships; the regulations 
that canal limit the draft ships passing through 7.8 
ft. ins., though ships greater draft are sometimes taken through 
with the assistance tugs. The largest steamers now plying between 
England and Australian ports cannot and not pass through the 
Suez Canal. There large number ships now service the 
Atlantic, the authorized draft which ft. more; one these 
ships would draw ft. The traffic which would 
pass through the Panama Canal would materially 
different from that which uses the Suez Canal; would consist largely 
heavy, coarse freight. the size ship is, ina measure, func- 
tion the length voyage, probable that the largest class 
freight carriers will use this canal. The Isthmian Canal Commission 
considered that the canal should have depth ft., through 
which steamers drawing ft. salt water could pass without trouble, 
and the writer concurs this decision. 

determining the width the canal there more room for dif- 
ference opinion. While depth may considered necessity, 
width very largely convenience. ship can taken 
canal with little clearance either side, but must done very 
slowly; much greater width will required any considerable speed 
maintained, and still more large ships are pass each other 
all portions the canal. The dimensions adopted the original 
French Company provided for bottom width only m., 
the new French Company adopted bottom width m., slightly 
increased rock sections, little less than 100 ft. The Isthmian 
Canal Commission selected bottom width 150 ft., which was some- 
what enlarged curves. The increased width curves large 
canal perhaps over-refinement, but, view the experience 
other great works, probably not wise reduce the dimensions 
selected the Commission. 

Colon Harbor virtually tideless, while Panama Bay has tidal 
range over ft. The plans the original French Company con- 
templated depth below mean water both termini, which 
would have made channel about ft. low water Panama Bay. 
The plans the new French Company proposed depth below 
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low water Panama Bay; the Isthmian Canal Commission’s estimates 
are based depth ft. below mean low water Panama Bay. 
depth ft. below mean tide Panama Bay would give ft. 
the canal under all conditions, ft. high water and ft. for about 
hours out the opinion the writer, this depth quite 
much the demands are likely justify. 

With this preliminary statement, the main features the canal 
may described. 

THE CHAGRES. 


The discharge the Chagres has been made matter special 
observation the new French Company, and these observations have 
been verified and amplified Arthur Davis, Am. Soc. E., 
for the Isthmian Canal Commission. While the conclusions from such 
studies cannot regarded absolutely accurate, the general condi- 
tions, which little was known twenty years ago, may now con- 
sidered established. The greatest flood the Chagres, which there 
any record, occurred 1879, prior the beginning work the 
old French Company. The two floods which there the most 
accurate information are those 1890 and 1893. 

The area the drainage basin the Chagres above Bohio, the 
location selected the French Company for dam, estimated 
875 sq. miles. This watershed may divided for convenience into 
three parts: the portion above Alhajuela, the point selected the 
French Company for the upper dam; the portion between Alhajuela 
and Gamboa, which practically the point where the canal leaves the 
river; and the portion between Gamboa and Bohio. The area the 
upper division approximately 510 sq. miles, the middle division 
135 sq. miles, and the lower division 230 sq. miles. The areas the 
watersheds above these three points, will, therefore, follows: 


Square miles. Percentages. 


The data concerning the flood 1879 are meager, and consist only 
water marks from which the discharge has been calculated vari- 
ous assumptions, while there accurate information which the 
duration the flood the aggregate discharge can even approxi- 
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mately determined. The conclusions, generally, are the effect that 
was excess 000 cu. ft. per second Gamboa and 100 000 
ft. per second Bohio. The general opinion has been that these 
figures are too high, but Mr. Davis thinks that there possibility 
that they are too low and that the flood may have been nearly 100 000 
cu. ft. per second Gamboa, and have exceeded 130 000 cu. ft. per 
second Bohio. The 1890 attained maximum 000 cu. 
ft. per second Bohio, and that 1893 fell below 000 cu. ft. per 
second. All these floods were very short duration, the average dis- 
charge the Chagres being about 000 cu. per second Alhajuela, 
500 cu. ft. Gamboa, and 000 cu. ft. Bohio. The time which 
the discharge Gamboa would exceed 000 cu. ft. second, 
that Bohio cu. ft. per second, would probably not more 
than ten days twenty years. suspension traffic during these 
few days would not seriously reduce the value the canal. 

flood 000 cu. ft. per second coming from the upper Chagres 
Gamboa and 000 cu. ft. Bohio could regulated that 
would not produce speed much exceeding ft. per second the 
navigable the canal the commercial requirements would 
met. The canal, however, must designed that maximum 
flood would permanent harm, and this means probable dis- 
charge 100 000 cu. ft. per second Bohio, with the possibility that 
140 000 cu. ft. per second should provided for. speed 3.3 ft. 
per second could allowed the canal without disturbing 
navigation; aspeed ft. per second could allowed without per- 
manent injury the work. 

With these conditions, channel 000 sq. ft. cross-section would 
off flood 000 cu. ft. per second without interfering with 
navigation, and 000 cu. ft. without injury tothe canal. 
tide-level canal built, must either given these dimen- 
sions the Chagres Valley independent channels must provided 
carry off the discharge the river. canal the lowest 
part ofthe valley, the construction these channels would matter 
serious difficulty, and the simplest solution would make 
canal large enough take the full discharge, which would have the 
further advantage furnishing very large canal, which naviga- 
tion, under ordinary conditions, would especially easy; this would 
mean canal with bottom width about 400 ft. approximate 
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estimate shows that the total amount excavation for such 
between Colon and Obispo would 150 000 000 cu. yds., about one- 
sixth which likely rock. This channel, however, has prac- 
tically factor safety, and, the flood 1879 should repeated, 
might prove inadequate. building the dam proposed the 
French Company Alhajuela the discharge above that point could 
temporarily stored, and the discharge through the lower valley kept 
within the capacity the proposed canal. may roughly esti- 
mated that the cost this Chagres section tide-level canal would 
practicable, and would satisfactory when done. 

If, however, dam could built across the valley the 
the whole valley would converted into lake such dimensions 
that the currents this lake, even during the most violent floods, 
would not objectionable. This is, perhaps, the greatest advantage 
gained using locks and summit level, certainly second 
only the reduction the volume the Culebra Cut. The further 
down the valley this dam can placed, the greater will the length 
valley converted into lake. The lowest point, however, which has 
been found any way suitable for dam site Bohio, midway be- 
tween Obispoand the terminus the canal Colon. 
this neighborhood has been selected the new French Company, 
and the Isthmian Canal Commission concurred the expediency 
building dam the same vicinity. the construction such 
dam the valley converted into between Obispo and Bohio, 
and this lake would extend the upper valley the Chagres 
distance determined the height the dam. The Gigante, lateral 
stream coming from the west, enters the Chagres about miles above 
Bohio, and near the head this stream low summit admir- 
ably adapted for spillway. The limits within which the range 
the lake could confined would determined the length this 
spillway. The Isthmian Canal Commission has proposed spillway 
Using the formula 
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would appear, therefore, that heights of, respectively, and 
ft. over the crest the spillway would pass something more than 
000, 000 and 100 000 cu. ft. per second for indefinite period. 
The maximum floods, however, are short duration, and consider- 
able amount would stored the lake, its level raised from the 
level the extreme height such flood. Withthesurface 
the lake Elevation 85, corresponding bottom level Elevation 
50, used estimating the Culebra Cut, the surface area this lake 
38.5 sq. miles, about 075 000 000 sq. ft. rise from depth 
ft. depth ft. over the spillway would represent storage 
300 000 000 cu. ft., average 000 cu. ft. per second for 
hours, 000 cu. ft. per second for two days. detailed study 
shows that, with discharge 100 000 cu. ft. per second into the 
whole basin, the discharge never likely exceed 000 cu. ft. per 
second over the spillway, and ft. may accepted the variation 
the level the lake. Should greater flood occur would merely 
mean little higher level the lake, which might possibly rise 
about ft. above the crest the spillway. Furthermore, the canal 
through the Culebra Cut would have cross-section, during this high 
water, over 000 sq. ft., capable taking off, ft. per second, 
discharge 000 cu. ft. per second; and the canal north the Bohio 
Dam would have cross-section not less than 000 sq. ft., capable 
taking off, speed ft.. per second, 000 cu. ft. per second. 

This general arrangement means lake the surface which varies 
from Elevation 85, when level with the top the spillway, Eleva- 
tion 90, under extreme flood conditions, with bare possibility 
reaching Elevation 91. involves spillway Gigante and dam 
Bohio, which structures more will said hereafter. Compara- 
tively little excavation would required any portion the lake, 
the total between the Bohio Dam and Obispo being barely 000 000 
cu. yds,, which, perhaps, one-fourth rock, and the total cost 
which would not exceed 000 000. 

Below the Bohio Dam the old French location followed the valley 
the Chagres about miles Gatun, where the Chagres turns ab- 
ruptly the west and enters the Caribbean Sea some miles west 
Colon. Thisis, perhaps, the only location for tide-level canal. For 
miles this distance the Chagres has absolutely abandoned its old 


course and flows through the canal. The discharge over the Gigante 
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Spillway will enter the Chagres about miles below Bohio; below this 
point one three courses practicable. The same course may 
adopted that proposed for tide-level canal, giving the canal 
tion such dimensions that could pass the flood discharge within 
its own limits. The valley here generally comparatively broad, and 
the floods can kept out the canal constructing levee the 
west side it; this plan involves discharge channel between the two 
swamps, Blanca and Agua Clara, besides which new channel 
for the Chagres must dug across neck land opposite Gatun 
and about three-quarters mile from the canal. location can 
adopted east the Chagres valley, between Bohio and Gatun, 
which the canal can kept safe distance from the Chagres and for 
half the way safe height above it. This third plan has the advan- 
tage saving miles distance. Furthermore, there excel- 
lent site for lock Tiger Hill, miles from Bohio, which pos- 
sible reduce the lift the Bohio locks. This last line preferred 
the writer, and used this description. the line shown 
the general map, Plate The level the surface the canal 
maintained ft. above mean tide south the Tiger lock, the 
bottom the canal being ft. below mean tide. The one defect 
this plan that the water carried few feet above the level the 
surrounding country, but there such enormous excess excava- 
tion the canal that embankment almost indefinite width can 
built the river side. This line joins the French location 
Gatun, and the new channel for the Chagres opposite Gatun still 
necessary. 

The problem the control the Chagres absolutely solved 
the construction three works the Bohio Dam, the Gigante Spillway 
and the Gatun Diversion. 


The only source from which supply water for the summit level 
can obtained gravity the Chagres River. The French plan, 
which contemplated summit level above that the lake, proposed 
build dam Alhajuela and convey the water feeder, com- 
plicated design, from the dam the summit. The same arrangement 

itself made the summit level, any such feeder becomes unnecessary 
and the canal will fed all times the Chagres River and the 
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various tributaries which are intercepted the lake. Were the dis- 
charge the Chagres and its various affiuents all times equal 
the demands the canal, further provision would required. 
There is, however, short period the early part each year when the 
supply always small and sometimes inadequate. The actual de- 
mands for water for canal uses may three purposes: 
lockage, seepage and evaporation. Besides this, the French estimates 
have made provision for power, but this hardly actual necessity 
the canal, and can provided other ways, the water supply 
inadequate. Furthermore, the amount water actually needed for 
power is, the aggregate, exceedingly small. 

With the water the lake normal elevation there will 
descent ft. the intermediate level the Atlantic side, and 
ft. the intermediate level the Pacific side, average 
ft. Each descent accomplished two locks, the average lift 
which, the period when economy water important, ft. 
These locks, according the plan adopted the Isthmian Canal 
Commission, are ft. wide and 790 ft. long between gates; each lock 
chamber contains, therefore, 924 470 cu. ft. assumed that 
ten vessels pass through the canal daily, each using two full locks 
water, one ascending and one descending, the total daily consumption 
will 488 800 cu. ft., 445 cu. ft. per second. This amount will 
reduced materially intermediate gates are provided the 
that smaller vessels can take less than lockfull water. 

The seepage will confined principally the Bohio Dam. There 
short piece embankment near the Gigante Spillway, but 
such insignificant dimensions importance. Elsewhere, 
the summit lake confined between the natural walls mountain 
valleys. Estimated the basis used the paper The 
Dam,” but with the head reduced ft., the requirement for seep- 
age would cu. ft. per second. 

the seepage proper must added the waste water the 
locks. This will depend very largely gate construction, character 
valves, and care lock tenders. provision 200 cu. ft. per sec- 
ond would seem ample. 

The area the lake 38.5 sq. miles, 1075000 000 sq. ft., and the 
evaporation over this area, taken 0.5 ft. per month, 0.0167 ft. per 
day, 0.00000019 ft. per second, amounts 207 cu. ft. per second 
over the whole area the lake. 
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This makes the entire water requirement, with provision for 
power, 880 cu. ft. per second. These figures will vary different 
assumptions, but safe say that 1000 cu. ft. per second would 
generous supply traffic that yetin sight. Furthermore, 
with the tendency incréase the size ships, probable that the 
actual number ships will less, rather than more, than ten daily. 

general way, may said that, out total 000 cu. ft. 
per second, 450 cu. ft. will required for lockage, 250 cu. ft. for 
seepage and leakage gates, and 200 cu. ft. for evaporation, leaving 
100 cu. ft. per second for margin and power. This quantity water, 
100 cu. ft. per second, falling ft., will produce about 800 H.-P. 
the shaft turbine wheel. 

The average monthly discharge the Chagres Bohio always 
exceeds cu. ft. per second, except during period varying 
length the months February, March, April and May. may 
have fallen 350 cu. ft. persecond forafew days. The French 
Company has kept daily observations Bohio the stage water 
for about ten years. From these stages the daily rates discharge 
have been calculated, and from these results easy determine 
the deficiencies, below average 1000 cu. ft. per second, which 
have occurred during the period these observations. These 
deficiencies for nine years are shown Table No. the last column 
which shows the depth water the lake corresponding thereto. 


TABLE No. 

Year. Cubic feet. Feet. 
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There are several ways provide for this deficiency. The first 
would take from the lake, which has area 075 000 000 
sq. ft.; the last column Table No. that this reduction would 
still leave possible for ships drawing ft. sea pass through. 
Another method would lower the bottom the canal through 
the summit level ft.; this the plan proposed the Isthmian 
Canal Commission; would add about 1500000 cu. yds. the 
Culebra Cut, besides increasing the height the long retaining walls 
and the cost thelocks; may roughly estimated adding from 
500 000 000 the cost the canal. Another method 
would the construction the Alhajuela Dam, proposed the 
French Company, which lake could formed the upper 
Chagres Valley, which 000 000 000 cu. ft. water could stored. 
the construction this dam were deferred until after the comple- 
tion the other work, that the lake could used for transporting 
material, Elevation carrying still water almost the site the 
dam, the cost the dam would not exceed the cost deepening the 
lake, and would have the further advantage storing water above 
the dam, which the violence the floods below the dam would 
diminished. fourth method would the use the old Yankee 
device fiash-boards, which the level the lake could easily 
raised ft. above the crest the spillway, without involving any 
increase the height water during extreme floods. the judg- 
ment the writer, the canal should opened with special 
provision for additional water supply during the dry months, other 
than what would obtained lowering the level the lake 
the use flash-boards. Experience will show what additional storage 
required, and, needed, can more economically provided after 
the other works are completed than before. 

Ten lockages each way daily represent the passage 650 ships 
year, two ships are ever passed together through the same lock 
the same time. This would undoubtedly done occasionally with 
small vessels. 10% isadded account, they represent passage 
000 ships year, and these have average 500 tons, net, 
they represent total 000 000 tons yearly. The number ships 
passed through the Suez Canal 1901 was 699, the average net 
tonnage being probable that the average net tonnage 
will least 000 tons when the Panama Canal opened, and that 
ten lockages each way daily would represent least 000 000 tons. 
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important, however, consider the possibilities 
supply for larger traffic. the 000 cu. ft. per second required for 
the wants the canal, 450 cu. ft. are consumed lockage. If, there- 
fore, the number lockages doubled, representing passage 
least twenty ships daily, therequirements are 450 cu. ft. per 
thirty passages would require ft. per second, and forty 
passages cu. ft. per second. The length time when the 
discharge the Chagres falls below these requirements increases with 
the amounts, but instance which have any record has 
fallen below the maximum requirement 350 cu. ft. per second for 
period fourmonths. The deficiencies below 
these requirements are Table No. and are shown the 
diagram, Fig. 


TABLE No. 
Year. Below ft. 900 cu. ft. Below 2350 cu. ft. 
1891 .... 437 000 000 435 000 000 712 000 000 
1892 .... 200 000 575 600 000 505 900 000 
1893 .... 500 000 376 500 000 456 700 000 
1894 .... 3164 200 000 531 600 000 095 700 000 
140 600 000 056 600 000 084 900 000 
1896 .... 708 600 000 585 700 000 873 900 000 
1897 .... 800 000 171 200 000 476 000 000 
1898 .... 1555 000 000 382 000 000 363 000 000 
1899 .... 702 400 000 000 977 900 000 
4523 000 000 217 000 000 494 000 000 
840 000 985 140 000 261 940 000 
505 400 000 605 000 000 326 600 000 


meet this deficiency will necessary build dam 
near Alhajuela. dam built there, the height proposed the 
French engineers, would form lake with total storage capacity 
700 000 000 cu. ft. The greatest deficiency (13 712 000 000 cu. ft.) 
would require storage 660 cu. ft. per second for period eight. 
months, making the total average requirements for these eight months. 
3010 cu. ft. per second. The least discharge for eight months, 
which there any record, occurred 1899 and averaged 340 cu. ft. 
per second, showing that there ample margin for evaporation and 
contingencies. 

The last supposition provides for 600 passages yearly. Before 
this number ships reached probable that the average tonnage 
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will more than doubled and that this will represent traffic from 
000 000 100 000 000 tons annually. 

The system now proposed for the control the Chagres and for 
the supply water the sumit level entirely automatic, except 
under two conditions which would very rarely occur. case 
extreme flood, desired pass any water through the canal, 
must done opening the lock valves the gates special by- 
pass. the Alhajuela Dam built make upper storage 
reservoir, gates must opened which the water will received 
from that reservoir; or, flash-boards are used, those flash-boards 
must replaced after floods exceptional violence, operation 
the very simplest kind. The beauty the plan recommended that, 


boldly treating the subject whole, the annoyance and dangers 
detail are avoided. 


The term Cut” applied the French Company 
the single mile cutting greatest magnitude. used this 
paper understood apply the entire cut between the Chagres 
valley and the point where tide water first reached the Pacific 
side, the northern terminus this cut being Obispo and the 
southern terminus Pedro Miguel, total distance nearly miles, 
which the southern miles are comparatively low country. For 
miles this cut really through mountain, the maximum original 
height, the center line the canal, being 330 ft. above mean tide. 
While the upper part the work where the cut was first opened 
there some soft and slippery clay, nearly the whole this excavation 
must made through material which has generally been rated 
rock. is, fact, indurated clay, not firm enough class 
shale, but perhaps quite hard work. intersected here and 
there thin strata and dikes hard limestone. material 
which would weather rapidly and pieces northern climate 
where there frost; the damp warm climate the Isthmus does 
better, but when fragments are immersed water they fall into 
powder, and would evidently unsafe expose the unprotected 
sides this excavation the wash the water the canal. was 
the judgment the Commission, which the writer fully concurs, 
that this cut should estimated the basis slopes 
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which little flatter than the slope adopted the new French 
Company. This does not mean that the cut would excavated 
those lines. The plan selected the French Company, consisting 
number benches connected comparatively steep slopes, 
probably the best way finish the sides the cutting, but was 
thought that estimate based uniform slopes would give 
aggregate results quite close the actual work could obtained 
more complicated calculations; furthermore, would probably 
leave margin cover such special repairs may found necessary 
where faults and weaknesses appear the slopes. the basis 
150 ft. bottom width and slopes this cut, 7.95 miles long 
between Obispo and Pedro Miguel, with the bottom elevation 
ft. above mean tide, was estimated the Isthmian Canal Com- 
mission contain 237 000 cu. yds. With the depth remaining con- 
stant, each foot increased decreased width would represent, 
approximately, 150000 cu. yds., provision being made for retaining the 
full width passing point, 600 ft. long, near the middle this 
section. the side slopes are the bottom width being 
constant, each foot that the bottom raised lowered would represent 
approximate decrease increase 300 000 cu. yds., besides the 
bottom excavation above below the bottom were 
raised ft., Elevation 50, would save 600 000 cu. yds., reducing 
the volume approximately 600 000 cu. yds. the width this 
cut were reduced from 150 100 ft., this would represent further 
approximate saving 500 000 cu. yds. 

the other hand, the bottom the canal were lowered 
ft. below mean tide, the bottom width being reduced 100 ft., re- 
verting the original Lesseps scheme for tide-level canal, the 
amount excavation crossing the divide would increased 
about 000 000 cu. yds. While this quantity enormous, not 
beyond the capacity well-conducted work. 

The concentration large amount excavation small 
distance without precedent. The engineer will recognize once 
that requires thorough organization, and tools specially adapted 
the work. The large plant provided the old French Company 
now from fifteen twenty years old. Those years have been years 
unusual development this class machinery. Time the 


utmost importance. The wisest course would consign practi- 
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cally everything which now the Isthmus the scrap heap, and 
handle this work with the best modern tools that can obtained; 
some these might tools which could bought the 
but many must specially designed for this particular work. 
Fortunately, there ample ground which deposit the spoil from 
this great cut both north and south the divide, but the manner 
conducting the work, both general principles and detail, should 
thoroughly worked out before actual execution begun. work 
has ever been undertaken which the highest class practical en- 
gineering talent could produce great economies this particular 
great concentrated excavation. The Isthmian Canal Commission 
estimated the cost this excavation cents per cubic yard; bad 
management would quickly raise this dollar, and not impos- 
sible that with carefully considered equipment the cost could 
reduced cents. this single cut 000 000 easy measure 
the difference between competent and incompetent management. 

already stated, thought unsafe allow the earth this cut 
washed the water the canal. The French recog- 
nized this and have provided for facing the slopes the canal with 
masonry. The construction this cut interferes with the old line 
the Panama Railroad. With the canal completed, the railroad will 
have little value except tender the canal, and its most conve- 
nient location would close the canal. important provide 
broad benches between the water the canal and the slopes 
the cut, that any material which may break loose the slopes 
can stopped and handled before reaches the water the canal. 
desirable, the sides the canal are lined with masonry, have 
this masonry nearly vertical, that there would danger 
ship striking the masonry lining below water. These requirements 
are met special cross-section, which shown Fig. The 
masonry walls may appear unnecessarily expensive, but their function 
triple—they protect the slopes from the wash the water; they 
accommodate the Panama Railroad; and they providea bench case 
accident theslopes. These walls should provided fora length 
000 ft.—about miles. They would contain the aggregate 200 000 
cu. yds. concrete masonry, and their length and cost practically 
independent the elevation the canal bottom the width the 
canal. 
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Combining these two results and using the price cents per 
yard for excavation and per cubic yard for concrete masonry, 
have approximate estimate the cost this cut, witha 
bottom width 150 ft. Elevation 50, $43 Each foot 
increased width will represent additional cost $120 000, and each 
foot that the bottom may lowered will represent additional cost 
about $400 000. 

tide-level canal ft. deep, with bottom width 150 ft. between 
Obispo and Pedro Miguel, would cost nearly $90 000 000. 


INTERMEDIATE LEVELS. 


There would two intermediate levels—a level 5.58 miles long 
between the Bohio and Tiger Hill locks the Atlantic side, and 
level 1.27 miles long between the Pedro Miguel and the 
locks the Pacific side. 

The former may designated the Tiger Hill Level and the latter 

The normal surface the water the Tiger Hill Level 
Elevation 26, the bottom the excavation being This 
level involves nearly 000 000 cu. yds. excavation, which about 
one-third would rock. Its estimated cost about 000 000. For 
portion the distance the water the canal carried above the 
level the surrounding country, and carried across the bed 
the Chagres three times, twice places where that bed already 
abandoned, and once Bohio, where the river will continue flow 
until the discharge the lake through the Gigante Spillway 
accomplished. complete borings have yet been taken along this 
line the canal, but the indications are that serious trouble 
expected, the only possibility being leakage, which can con- 
trolled moderate amount puddling. 

The normal surface the water the Miraflores Level Eleva- 
tion 28, the bottom the excavation being This level 
perfectly straight, and involves only 200 000 cu. yds. excava- 
tion, which one-quarter may rock. The estimated cost $800 000. 
This section really the deepening natural valley, and the surface 
width the water will exceed that the canal proper. small 
fixed dam, which will act spillway, will required adjoining the 

Mirafiores Lock. 
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Maritime LEVELS. 


The Atlantic Maritime Level will 9.33 miles long, from the 
6-fathom contour Colon Harbor the Tiger Hill lock, which 
seven-tenths mile will outside the terminus the French Canal. 
The difficulties the 35-ft. channel are more marked here than 
any other place. Colon Harbor practically lies entirely within the 
6-fathom contour, that the channel has extended from the 
terminus proposed for the French Canal completely through the 
harbor deep water. probable that considerable amount 
coral rock will excavating this line deep water, although 
the exact amount not known. The cost the channel outside the 
terminus the French Canal, excavated with bottom width 500 
ft., was estimated the Isthmian Canal Commission 284 270. 
This work could deferred until after the opening the canal, but 


-it must done before the largest class vessels can accom- 


modated. Very careful and full surveys must made this portion 
the bay before the best location for this deep-water channel can 
determined, and possible that may found best cut through 
the artificial point which the statue Christopher Columbus now 
stands, making the terminus the canal near the northern end 
Colon, which point some kind protective break water may then 
required. The 8.92 miles canal proper, from the terminus 
the French work, opposite the statue Columbus, the Tiger Hill 
lock, would involve excavation 761 669 cu. yds., this includ- 
ing allowance for inshore basin, and estimated cost 
813 000, making the approximate cost the entire maritime section 
$11 100 000, which 300 can deferrred until after the open- 
ing the canal. 

The Pacific Maritime Section 8.60 miles long from Miraflores lock 
the 6-fathom contour Panama Bay. this, 5.50 miles are canal 
proper, through very low country, and the remaining 3.10 miles are 
open channel, through Panama Bay. This section involves the excava- 
tion nearly 000 000 cu. yds., which about one-fifth would 
rock under water—the most expensive kind excavation—and the 
remainder hydraulic dredging—the very cheapest kind excavation. 
The estimated cost this level somewhat less than 000 000. 

The description already given the Tide-Level Canal has included 
the line through deep water the Atlantic. the Pacific side, the 
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work between the Miraflores lock and the 6-fathom contour would 
identical with that the high-level canal. The Miraflores lock would 
required tide lock. The Miraflores Level would lowered 
ft. The excavation this level would be, approximately, 500 000 
cu. yds., cost of, approximately, 500 000, portion being rock 
under water. 


the tide-level canal were adopted, but two special structures 
would required—a tide lock and dam Alhajuela, 
the object the dam being simply check the flow extreme 
floods, and its construction could deferred until the completion 
the canal. The lock Miraflores would fitted with double gates 
and used strictly tide lock. cases extreme floods the gates 
should kept closed all times, prevent any undue current 
through the summit cut. Under ordinary conditions might 
expedient leave all the gates open when the tide above mean 
stage, thus allowing moderate current flow from the Pacific the 
Atlantic during high tide. The exact working such lock would, 
however, determined experience. The approximate cost the 
lock and the Alhajuela Dam, including railroad the dam site, may 
taken 000 000. 

the high-level canal there would six important constructions, 
besides five other works less size. These eleven constructions are 
follows: 


1.—Bohio Dam; 

2.—Gigante 

3.—Bohio Locks; 

4.—Pedro Miguel Locks; 
5.—Tiger Hill Lock; 
Lock; 

7.—Obispo Gates; 

8.—Tiger Hill Spillway. 
Spillway; 
10.—Diversion Channel near Gatun; 
11.—Diversion Panama Railroad. 


Bohio Dam.—The summit level sustained the Bohio Dam, 
although its height regulated the Gigante Spillway. The situa- 
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tion the dam, about miles away from the spillway, very import- 
ant. The functions the dam are confined holding back the 
water, the dam never being exposed any currents, either above 
below, and the only source danger being wave action and possible 
infiltration. The plan dam which the writer prefers described 
the paper The Bohio Since that time his attention has 
been called form metallic sheet-piling, designed and used 
Mr. George Jackson, Chicago, composed channels and 
I-beams, which seems admit penetration very great depths, 
and may form inexpensive and available method absolutely clos- 
ing the seepage through the valley, should such closure considered 
sufficiently important. This arrangement sheet-piling shown 
Fig. 


Gigante Spillway.—The Gigante Spillway, although work con- 
siderable magnitude, involves special difficulties construction, 
rock found for its entire length above tide-water level. would 
built the form masonry dam with 000 ft. long. The 
estimated cost this spillway 200 000, this including the exca- 
vation for the foundation and such excavation necessary make 
clear approach for the water from the lake. 

Locks.—There will four sets locks, which two, Tiger Hill 
and have single lift; and two, and Bohio and Pedro 
Miguel, double lift. proposed build twin locks every 
case, that accident single lock would not close the canal 
traffic. The construction the second lock would, however, prop- 
erly deferred until after the opening the canal. This arrangement. 
requires twelve lock chambers, all. 

The plan the French engineers involved sixteen lock chambers, 
which they estimated cost 137 000 000 francs 
per chamber—in round numbers, 700 000 per lock chamber. 

The Isthmian Canal Commission, estimating the line now recom- 
mended, made the cost the locks average 
432 500 per lock chamber. 


*Transactions, Am. Soc. E., Vol. 235. 
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probable that considerable saving could made using 
metal combination with the concrete the locks, but, for present 
purposes, the estimate the Isthmian Canal Commission may 
accepted, and the cost the locks given round numbers 
$29 000 000, which about $17 000 000 would represent the cost 
the first set locks and $12 000 000 the cost the second twin 
locks. 

Obispo Gates.—Conditions can conceived which will 
important draw off the water from the Culebra Cut without dis- 
turbing the water the lake. For this purpose pair gates should 
placed the north end the cut. These gates, made 100 ft. 
wide, with the necessary masonry and excavation, are estimated 
cost $300 000. 

Tiger Hill and Miraflores Spillways.—Two spillways are required, 
one adjoining the Tiger Hill lock and the other adjoining the Mira- 
flores lock, take care excess water the intermediate levels. 
These are small affairs, the estimated cost the two being less than 
$100 000. 

Diversion Channels.—The principal diversion channel required will 
that across the peninsula opposite Gatun; this would cut 
considerable magnitude, and much would through rock. 
has been estimated sufficient size give cross-section 000 
sq. ft. addition this the diversion channel dug along the east 
side the canal the old French Company must put order 
take the discharge the Gatun and the various other local streams 
which would otherwise enter the canal. allowance 000 000 
should made for these works, nearly all which will for the 
Chagres Diversion. 

Diversion Panama Railroad.—Both tide-level and high-level 
canals interfere with the Panama Railroad, the latter much more than 
the former. 

For the canal described this paper, the location the Panama 
Railroad will have changed for short distance near Tiger Hill 
and for the entire distance between Bohio and Obispo, while from 
Obispo Pedro Miguel the railroad would carried through the cut 
made for the canal. The cost these changes the Panama Railroad 
estimated 300 000. 

The tide-level canal interferes but little with the Panama Railroad; 
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but, order avoid crossing the canal, new line railroad should 
constructed from San Pablo Obispo, about miles, and the rail- 
road should carried through the cut between Obispo and Pedro 
Miguel; these changes would probably not cost more than $500 000. 


The estimates made this paper are based the report the 
Isthmian Canal Commission, modified suit changes plans. 
general, round figures have been taken, seems unwise confuse 
the memory with number small figures, which measure less than 
the margin error. combining the figures already given detail 
have the approximate total cost the two classes canals. 

the figures obtained, addition has been made 20% 
cover the various incidental expenses and contingencies. The incidental 
expenses are understood include engineering, policing und sanita- 
tion; fact, all the expenses the Isthmus which would not borne 
the contractors. They are not supposed include any expenses 
home office interest during construction. This percentage 
double that usually applied estimating the cost work settled 
countries where risks are not unusual. 

Canal.—The cost canal this plan would 
approximately given Table No. 


TABLE No. 3.—Cost CANAL. 


Chagres Section, Colon Obispo.......... $90 000 900 
Culebra Section, Obispo Pedro Miguel... 
Alhajuela Dam and Railroad............... 
Diversion Panama Railroad............. 500 000: 
$199 000 000: 

Engineering and Contingencies, 800 000 


Nearly the entire cost this canal will for excavation. 
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Lock Canal.—The estimated cost canal with locks, deseribed 
this paper, the summit level varying from ft., with three 
locks each side, six all, will given Table No. 


Atlantic Maritime Level, Colon 


Miraflores Level..........- 800 000 
Pacific Maritime Level............. 000 000 

$68 900 000 
Tiger Hill and Miraflores 100 000 
Diversion Panama Railroad...... 300 000 

000 

$104 800 000 

Engineering and Contingencies 960 


The cost, therefore, completing the Panama Canal the lock 
plan would about one-half that completing the tide-level 
plan. This, however, does not tell the whole story. Neglecting the 
percentages for contingencies, all but $18 000 000 the $199 000 000 
estimated for the tide-level canal for excavation. the $46 000 000 
estimated the cost the Culebra Cut, the high-level canal, 
600 000 for retaining walls along the sides the cut; this 
reduces the cost excavation $59 000 000, approximately three- 
fifths the total cost the canal (percentages still being omitted). 
other words, although the cost the tide-level canal only about 
double that ofthe lock canal, the cost excavation the tide-level canal 
about three times the cost excavation the lock canal. Excavation 
represents work which must done entirely the Isthmus. Much 
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the cost special structures represents material which would 
the special structures represents work the Isthmus, may said, 
general way, that four-fifths the cost the lock canal and the 
whole cost the tide-level canal will represent work the Isthmus. 
the tide-level canal will cost twice much the lock canal, the 
amounts expended the Isthmus for the two canals will 
approximately five two. The number workmen required 
the Isthmus, well the time required complete the work, will 
determined these conditions. 

The tide-level canal will have completed before can 
opened the only postponement being portion the cost 
the special structures, which insignificent. The lock canal can 
opened with the second set locks unfinished, and before the 
channel Colon Harbor deepened. This will reduce the expendi- 
tures required before opening the canal about $92 000 000, without 
the percentage, total $110 000 000. 

These estimates are based the conditions now existing the 
Isthmus, advantage being taken the work which has been done there 
the French and the Panama Railroad. The work done the 
New Panama Canal Company practically all effective. Much the 
work done the old company valueless. The canal which was 
excavated through the low country was taken out with bottom width 
and depth m., and the material was wasted close the 
banks. construct the increased dimensions now required 
will involve rehandling the spoil banks. Furthermore, the plan pro- 
posed this paper would utilize the canal between Gatun and Bohio 
only channel for the Chagres, for which purpose great 
value. The value all this work, including the railroad, was 
estimated the Isthmian Canal Commission $40 which 
sum the New Panama Canal Company France, and the official 
liquidator, representing the shareholders and creditors the defunct 
Universal Interoceanic Canal Company, have agreed accept the 
price for which they will deliver everything they now own the 
Isthmus, together with their records, maps and other papers. this 
added the foregoing estimates, the cost the tide-level canal 
would about $280000000 and that the high-level canal 
$166 000 000, exclusive interest during construction. 
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Conpuct 


The first thing clean the Isthmus, provide sewers 
where feasible, and sanitary rules everywhere, furnish the entire 
line with good water, which great abundance may had 
moderate expense, and compel the employees the canal drink 
nothing else. This will take least year. 

The plans made the New Panama Canal Company were un- 
usually complete for any preliminary work this kind, but they were 
for canal different dimensions, with many details which would not 
acceptable American builders. The plans and examinations 
the Isthmian Canal Commission were purposes comparison 
and preliminary work rather than for actual construction. The final 
working designs remain made. Specifications must prepared 
and all the necessary preliminaries which precede the letting 
great work completed. Both the home and local organizations 
must perfected. Much this work can done simultaneously 
with the sanitary preparations, and will take long. year spent 
preparation, before the contracts are let, will save time the end. 

After the contracts are awarded, the contractors should allowed 
another year perfect their preparations. This little enough time 
provide for the organization their forces and the purchase and 
collection their machinery, much which will have made 
after the contracts are awarded. 

two years after the transfer the French property and the 
ginning American occupation, actual construction work should 
fairly begin. The one greatest single piece work the Culebra 
Cut, and the time required complete this cut will the time 
which will take build the canal. other work should laid 
out with reference this, that, when completed, there will 
unfinished work delay the opening the canal. 

The bulk the laborers must West Indian negroes, from 
Jamaica and perhaps some other islands. Skilled labor must come 
from the North, and generally white. The methods work should 
designed that the number skilled workmen shall small 
possible, and that they shall protected from rain and sun when 
work. will probably expedient use electric power instead 
steam far possible. dam the site the Alhajuela 
Dam would furnish the power. electric shovels could used 
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instead steam shovels, but one skilled man, instead two, 
would required each shovel, and the heat from the boiler would 
avoided. The debilitating influences the damp, warm climate 
remain, and system furloughs must arranged which will 
permit the white employees recuperate northern climates 
least once year. 

The French companies were private corporations, working with 
greater powers than those derived from their concessions. All this 
will changed when the work becomes Government undertaking. 
The powers the United States will those military occupation, 
under which sanitary control and discipline can exercised, which 


the greatest difficulties which have hitherto beset the 
Isthmus Panama. 
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ment, completed survey the Upper Missouri River, including 
triangulation, topography, hydrography and check levels. The records 
this survey for the first time made available complete engineering 
information regarding the Upper Missouri River. From Three Forks 
point below Canyon Ferry the field work was under the direction 
Mr. Marr, Assistant Engineer, and was fully reported the 
Commission 1891.* The river was then considered navigable 
Three Forks, where the main stream formed the 
the Madison, Jefferson and Gallatin Rivers. From Three Forks 
Canyon Ferry, the present location the dam, the distance along the 
channel about miles. The watershed above Canyon Ferry 
about 000 sq. miles extent, comprising large parts Madison, 
Beaverhead, Gallatin, Jefferson, Silver Bow, Lewis and Clarke, 
Meagher, and Broadwater Counties, Montana, and the Yellowstone 


Annual Report the Chief Engineers, A., for 1891. 


Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will 


subsequent number Proceedings, and, when finally closed, the papers, with discussion 
full, will published Transactions. 
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National Park. Itis nearly all mountainous country, and embraces 
slopes the Big Belt and main range the Rocky Mountains, well 
number smaller ranges. 

the result action the Board Trade the City Helena, 
investigation was ordered the United States War Department, 
and made May 10th, 1892, Captain Charles Powell, 
the Chief Engineers, United States Army, pointing out that 
regular navigation existed above Great Falls, Montana, and stating 
that the construction dams was feasible number points 
the Missouri River near Helena. Congress (approved July 
13th, 1892) provided for more extensive examination the Missouri 
River from Three Forks Canyon Ferry, with view determining 
what points water-powers could developed for manufacturing 
and other purposes. The examination thus authorized was made 
1893 Mr. Edwin Vincent, Assistant Engineer, and the results 
his investigation were reported Captain Hodges, January 
22d, 1894, the Chief Engineers, United States Army. This report 
contained much valuable information, and indicated, especially, 
several practicable locations for dams.* 

The Helena Water and Electric Power Company was organized, 
under the laws the State Montana, May, 1896, and work was 
commenced the dam Canyon Ferry the following July, under the 
direction Mr. Hugh Cooper, Resident Engineer, and 
Fanning, Am. Soc. E., Consulting Engineer. The original 
intention the promoters this enterprise was supply electrical 
power and water for manufacturing, private and public purposes, 
the City Helena. About the time the work was begun, Mr. Barton 
Sewell became General Mr. Whitley, Superin- 
tendent. timber-crib dam, designed Mr. Fanning, was 
completed March, 1898, and the construction stone power- 
house contain four units, together with the necessary penstocks, 
gates, etc., was well under way. was this time that the property 
came under the direction the writer chief engineer. The plant 
was completed the original lines, and consisted four generating 
units, each comprising two-phase alternating-current generator 
750 kilowatts, directly connected pair horizontal water-wheels. 
House Representatives, Executive Document No. 96, Congress, Second 


Session, Letter from the Secretary War, Report the Examination 
the Missouri River from Three Forks Canyon Ferry, Montana. 
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Water was supplied the wheels through two steel penstocks, ft. 
diameter, from forebay excavated the solid rock above the dam. 

May, 1898, shortly after the completion the dam, and before 
the remainder the plant was ready for service, the dam was damaged 
some extent extreme high water. was immediately repaired 
and reconstructed somewhat different lines, and since then has 
given trouble. complete electrical transmission system, oper- 
ating volts, was installed, and pole-line constructed 
Helena way East Helena, together with several branch lines 
near-by points. The plant went into regular service October, 1898, 
supplying, from the first, three large customers: The East Helena 
Smelter (now the property the American Smelting and Refining 
Company), the Peck Concentrating Plant (the property the Helena 
and Livingston Smelting and Reduction Company), and the Helena 
Electric Lighting and Street Railway Company (now the property 
the Helena Light and Traction Company). 

The market for power Helena and vicinity not being sufficient, 
was decided 1900 enlarge the plant, and construct transmis- 
sion lines the City Butte. accomplish this result, the com- 
pany was reorganized the Missouri River Power Company, New 
Jersey corporation, with the writer Chief Engineer and General 
Manager. connection with the enlargement the plant, was 
considered advisable reconstruct and rearrange the entire plant, 

both its hydraulic and electrical elements. this paper brief 
description the various details the reconstructed plant has been 
attempted; and thought that some interest may attach certain 
the hydraulic arrangements, and perhaps more especially the 
electrical details the 000-volt transmission system Butte. 
should remembered that this plant was not designed originally 
for its present service, and that its reconstruction many arrange- 
ments were necessary that would have been changed materially had 
entirely new plant been built. 


The generating plant located the mouth the Black Rock 
Cafion the Missouri River, near the Canyon Ferry post-office, which 
miles from Helena and miles from Butte. The works consist 


ofan earth dam, with masonry core-wall, located the east 
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the river, timber-crib dam, with masonry abutments, masonry 
bulkhead having canal gates, masonry canal, and stone power- 
house. From the east bank the abutment the distance approxi- 
mately 325 between the abutments clear spillway 472 ft. 
and fish-stairs ft. width; and from the west abutment the 
masonry bulkhead extends ft. nearly vertical granite cliff. The 
total distance from bank bank the line the dam approxi- 
mately 900 ft. 

Fig. general plan the works; Plate III general view 
the dam, power-house and canal; Fig. section the timber- 
crib dam, its present condition, midway between abutments. The 
foundations the power-house, canal walls and west abutment are 
granite bed-rock, but the middle the stream the bed-rock 
found only exceedingly great depth, the being the nature 
fissure, crack, which the river has deposited silt and gravel. 
That part the dam between abutments timber crib, rock-filled, 
and the drawing shows clearly its design, both before and after recon- 
struction. The dam forms lake, reservoir, miles length and 
the dam and power-house, looking stream from the wagon bridge, 
which about 800 ft. below. Fig. Plate IV, view from the 
east side the river, and shows the power-house and the walls 
the 

The four pair water-wheels received their water originally 
through two penstocks, but these were removed and massive stone 
forebay, canal, constructed. dimensions this canal are given 
showing the water-wheel head-gates and the west side the power- 
house. Fig. Plate shows the canal, racks, gates and gate-lifting 
car. Fig. sectional drawing through the canal and power-house, 
and Plate plan the transformer-room. Figs. 
and are typical sections through the wall the canal. The entire 
canal heavy, granite-rubble masonry, with the exception few 
courses the outside the shown. The canal lined 
throughout, including the bottom, with Portland cement concrete. 

The wheel-cases are steel, ft. diameter, having coni- 
bell-openings ft. diameter. These cases are set the masonry, 
imbedded concrete. 
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The main gates are ten number, ft. ins. width and ft. 
ins. height, Oregon fir, ins. thick the center. The gates 
slide structural-steel guides built the masonry. 

The grid-bars are steel, spaced ins. from center center. 
They are supported structural-steel frame, which also carries the 
rails for the gate-operatingcar. The construction the gates, guides, 
seals and grid-bars shown clearly Fig. Plate and Figs. 
5and6. The arrangement for operating the gates shown Figs. 
sary mechanism, traveling rails parallel the east wall the 
canal, front the gates. The rails which the car travels support 
only when moving between gates, when moving its pinions into 
out with the racks the gate-lifting bars. The car 
receives its power, for all its movements and for operating the gates, 
from 10-H.-P. direct-current motor, supplied with current from 
trolley. The various motions the car, and the lifting mechanism, are 
controlled clutches operated levers from centrally located 
platform the car. When the pinions are and the gates are 
being operated, the entire thrust carried directly the masonry, 
through 12-in. set the wall, shown Figs. The 
various details the construction are shown clearly the drawings 
referred to. 

The power-house building granite masonry, 228 ft. ins. 
length and gallery, ft. width, extends the entire 
length the building the west side; and, the same floor eleva- 
tion the gallery, located between the main power-house and the east 
wall the canal, transformer-room 154 ft. inlength. The general 
construction the power-house shown Fig. and Plate VI. 
The building entirely masonry and steel, with the exception the 
roof and main floor. The roof-trusses are steel, and the roof 
covered the outside with corrugated iron. The gallery floor 
steel and concrete construction, and the walls the house are the 
natural stone. All the masonry, including the power-house, canal 
walls, abutments, and core-walls, gray granite, quarried and cut 
the premises. Portland cement, both American and European 
brands, was used throughout. 

There ace ten pair water-wheels driving the main generators, 
two single wheels and one pair smaller wheels driving the exciters. 
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The wheels the old plant are the New American type, and all 
the new wheels are the type, manufactured the 
Morgan Smith Company. Plate VII shows section through one 
the new wheel settings. These wheels have 45-in. runners, and 
cylinder gates operated draw-rods through the front head. Out- 
side the case, attached the draw-rods, are racks which mesh 
with the gears operated the governors. The wheels first discharge 
the water into central cast-iron draft-chests, then through elliptical 
draft-tubes into the tail-race. There are two water-bearings each 
shaft, one the outside the wheel nearest the canal, and the other 
inside the draft-chest. third bearing, ring-oiling type, 
located entirely outside the wheel case and next the generator 
coupling. This bearing also designed take the thrust direc- 
tion parallel the shaft, and for that purpose has the shaft two 
solid projecting rings, which fit into grooves the surface the 
bearing. Plate VIII, shows the front head No. water- 
wheel, together with the governor and the generator. also shows 
two the exciters, one coupled pair 24-in. McCormick water- 
wheels, and the other induction motor. 

The governors operation are the type, and this 
apparatus too well known require description other than that the 
connections between the governors and the water-wheel gate mechan- 
ism are made through cut bevel and spur gearing. 

The generators have revolving armatures, and are designed 
deliver alternating current three-phase, cycles and 550 volts. 
The speed per minute. Each machine has rated 
capacity, electrical output, 750 kilowatts power-factor. 
The four generators installed originally were two-phase, but they have 
been rebuilt and converted into three-phase machines. Fig. gen- 
eral drawing one ofthe new machines. The generators are excited 
separately four 150-volt exciters, three which are driven directly 
water-wheels, and one induction motor, previously stated. 
The connections between the generators and exciters and their water- 
wheels are made means flexible couplings, consisting cast- 
iron united through rawhide drag-links. The generators and 
exciters are all standard types, manufactured the Westinghouse 
Electric and Manufacturing Company. general view the interior 
the station shown Fig. Plate VIII, which also gives good 
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idea the mechanical design the generators and the arrangements 
the station. 

The switchboards, blue Vermont marble, are located the gal- 
lery floor the center the There are seventeen panels 
the main board, four the exciter-board, and four the 000-volt 
plug-board. Fig. general drawing the main switchboard, 
and Fig. Plate IX, general view the same board, installed. 
The main board consists ten generator panels, four feeder 
for the service, two feeder panels for the 000-volt service, 
and one main junction panel the middle the board. There are 
three sets main bus-bars, extending the entire length the board, 
capable being separated electrically the middle means 
switches the junction panel. the arrangement the board, 
starting one end, are five generator panels, two feeder panels for 
the 000-volt service, one feeder panel for the 000-volt service, 
and the junction panel. the other side the junction panel the 
same number feeder and generator panels arranged reverse 
order, that all the feeder panels are grouped together the center 
the board, with the generator panels the ends. opening the 
switches the junction panel, the board divided electrically into 
two independent sections, either which may shut down for 
repairs while the other service. Each generator panel pro- 
vided with circuit-breakers, polyphase wattmeter, ammeter, and 
three sets lever switches. Each feeder panel provided with cir- 
cuit-breakers, three ammeters, and three sets lever switches. The 
junction panel has three sets lever switches, and six polyphase 
wattmeters, one for each main circuit. The generator field switches 
and the integrating wattmeters for the feeders are mounted small 
marble slabs, secured the girder supporting the traveling crane, 
and are directly front the main board. The rheostats are 
mounted under the gallery floor, and are controlled 
pedestals, which are front their respective generator panels. 
Fig. drawing the exciter board, which the same gen- 
eral appearance the main board. has two separate sets bus- 
bars, and each panel has circuit-breakers, voltmeter, ammeter, 
and two sets lever switches. 

There are twelve transformers, 330 kilowatts each, for the 000- 
volt service. These transformers are oil-insulated, air-cooled, and are 
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arranged four groups for three-phase delta connection. They are 
placed the gallery floor, six transformers each end the switch- 
board. For the service, there are six transformers 950 
kilowatts each. These transformers are oil-insulated, water-cooled, 
are arranged two groups for delta connection, and are placed the 
transformer-room between the wall the power-house and the east 
wall the canal. The 000-volt transformers are heavy, boiler- 
iron tanks filled with petroleum oil, and are cooled means 
brass pipes, immersed the oil, through which circulates water from 
the canal. the cooling coils are elevation which times 
above the water the canal, the piping arranged, means 
by-pass valves, that the system can filled and the water siphoned 
through the coils, discharging through draft-tubes extending below 
the level the tail-race. good head secured this arrange- 
ment, and the circulation the cooling water excellent. Gauges 
for measuring the flow the cooling water, and thermometers for 
measuring the temperature the oil and water, are the trans- 
formers. Fig. Plate view 000-volt transformer- 
room, showing the transformers position. 

For the protection the 000-volt service from lightning, stand- 
ard type, Wurts, lightning arresters are used. These consist 
choke-coilsand gaps, arranged afford multiple path ground. 
this apparatus very well known, detailed description need 
given. For the protection the 000-volt service from lightning, 
new apparatus has been designed. This consists essentially two 
parts, the static interrupters and the lightning arresters proper. The 
static interrupters, so-called, consist choke-coils and electrical con- 
densers small capacity. These coils and the condensers, immersed 
tank containing oil, constitute the static interrupters. Each 
lightning arrester contains 114 units six gaps, about in. width, 
and one large adjustable gap next the line. The units are mounted 
the face marble panels, and around part the units shunted 
resistance; and, series with all the gaps, between line and ground, 
resistance. The connections the static interrupters and light- 
ning arresters are given diagramatically will seen 
that the choke-coils the interrupter are connected series with 
the transformer windings protected, and that the condenser 
connected between the transformer terminal and the ground. The 
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function the static interrupter receive the shock caused the 
sudden application high potential the terminals the trans- 
former, reduce its abruptness, and distribute the excessive elec- 
trical strain over such element time render harmless 
effect. The choke-coil and condenser act together, this respect, the 
coil delaying the wave, and the condenser, reason its electro- 
static absorbing part the charge. The lightning arrester 
proper provides available path ground whenever the electrical 
strain becomes sufficiently excessive break down the air the gaps. 
The gaps with the series and shunt resistances are arranged that 
when the excessive strain removed, the power current, which often 
follows the discharge ground, broken.* 
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The arrangement series resistance has been modified, the 
arresters now service, fuse being shunted around this resistance 
cut out under ordinary operating conditions. 

complete diagram the wiring the station for both high and 
low tension given Fig. 15. The generators are wired directly 

complete description this apparatus may found paper, Percy 


Thomas, entitled Static Strains High-Potential Circuits, and the Protection 


presented before the American Institute Electrical Engineers, 
February, 1902. 
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their respective panels the switchboard. the switchboard 
two the legs each generator circuit pass through circuit-breakers, 
and all three the legs are connected with three sets single-pole 
knife-switches. Each set knife-switches, upon being closed, con- 
nects the three legs each generator circuit with set bus-bars 
the back the switchboard. There are three sets such bus- 
bars, and any generator may connected with any one all. After 
passing the bus-bars the current first conducted through the 
switches and the circuit-breakers the feeder panels, then the 
transformers. Especial attention directed the arrangement 
the switches, circuit-breakers, and instruments, this part the 
wiring. 

The current from the 000-volt transformers passes the four- 
circuit plug-board, which arranged that any one the four 
circuits may connected with any one set transformers, any 
number ofsets transformers may joined any the lines, either 
singly multiple. After leaving the plug-board the 000-volt 
current passes through lightning arresters and then the circuits ex- 
tending Helena and adjacent points. 

From the six transformers the current passes through 
static interrupters and high-tension switches, and then united 
delta connection, after which passes through set high-tension line- 
switches the circuits extending Butte. The lightning arresters, 
proper, are connected with each leg these circuits just before 
leaving the building. Between the two 000-volt circuits are high- 
tension switches, arranged that both sets transformers may 
operated together, either one lines; both lines may 
operated from one set transformers. The arrangement switches, 
also, such that any transformer may out service 
any time, without interfering with the operation the plant. 
000-volt main wiring 000 000 800 000-circular mil cable, 
insulated with rubber, and protected with sheath. The 
wiring No. solid copper, insulated with pure para rubber, 
covered with double cotton braiding, and supported porcelain 
line-insulators. The 50000-volt wiring No. copper, having 
insulation pure para rubber, protected with double cotton 
braiding, and supported the regular, glass, line-insulators and 
pins. 
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LINEs. 


There are three main pole-lines from the generating station: One 
four power-circuits, each consisting three No. solid copper 
wires, and also telephone circuit two No. 10, copper wires. This 
line extends the East Helena sub-station, where all the circuits pass 
through four-panel plug-board, and lightning arresters construc- 
tion and arrangement similar those the same circuits Canyon 
Ferry. Three circuits leave this sub-station, and, means the 
plug-board, any one more the circuits may con- 
nected either with the sub-station lowering transformers, with the 
three outgoing any desired combination. After leaving 
the sub-station, the three circuits continue for about mile the 
same pole-line, and then branch—one circuit extending distance 
miles the Big Indian Mine, and the other extending miles the 
sub-station Helena. The general design the pole top, ar- 
ranged for the four 000-volt circuits leaving the generating station, 
shown Fig. 16. 

The poles the 000-volt lines are Idaho cedar, the cross- 
arms Oregon fir, the braces angle iron, and the insulators 
porcelain. The poles have from 12-in. tops, vary length from 
ft., when necessary maintain the desired grade, are spaced 
average distance 110 ft., and are set from ft. the 
ground. The main wires are not transposed, but the telephone wires 
are reversed position every third pole. The construction 
heavy and rigid throughout, and has proved very satisfactory, 
shown the four years unbroken service, almost without any ex- 
pense for 

The high voltage used the Butte lines made necessary special 
and somewhat novel construction. Each the two pole-lines, from the 
Canyon Ferry generating plant the Butte sub-station, carries three 
bare copper cables, arranged triangular position, ins. apart. 
Each cable has area 106 000 circular mils, and composed 
seven strands. shows the pole top, and Fig. the insulator, 
sleeve and pin. Fig. Plate view the pole-line taken 
about one mile from Canyon Ferry, and Fig. Plate shows 
000-volt insulator and sleeve assembled pin. 

The poles the 000-volt lines are Idaho cedar, the cross- 
arms Oregon fir, the braces and pins white oak, and the insu- 
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lators and sleeves glass. The cross-arms, braces and pins are bolted 
together, the construction being very rigid. The pins the top 
the poles are larger size and greater length than those the 
cross-arms, account the greater strains there present. The pins 
were prepared especially being first dried and then boiled par- 
affin until every vestige moisture was removed. Wood prepared 
this way will stand very great electrical strains, and the pins were 
tested frequently 000 volts, without sign failing. 

The insulation the circuits depends the insulators, sleeves 
and pins, combined; the cross-arms and poles are not considered 
have any part. The glass sleeves are not connected any way with 
the insulators, and merely rest shoulder the pins, shown 
Fig. 18. The object the sleeves prevent the surface the 
pins from becoming wet driving rain, thus carrying the ground 
potential above the level the cross-arms. This function they per- 
form admirably, but the pins were not especially treated, 
possess high insulating qualities, the sleeves would useless. With 
metal pins, even ordinary wooden pins, which for such high 
potentials are practically conductors, the absolute insulation, the 
air path ground, and the electro-static capacity, are affected such 
extent that the efficiency the combination, line-insulating 
device, reduced materially. Each the main circuits trans- 
posed five times, making two complete turns between the power-sta- 
tion and the Butte sub-station. The telephone circuit, shown 
Fig. 17, one pole-line, only, and composed two No. 10, copper 
wires double-petticoat pony-glass insulators. This circuit trans- 
posed every fifteen poles. The switching arrangements Canyon 
Ferry and Butte are such that the power circuits can operated 
either singly multiple. The two Butte lines are parallel, and 
are ft. apart, where the nature the ground will permit. The 
poles are from ft. length, the tops being from ins. 
diameter, and the butts from ins. diameter, ac- 
cording the length. They are set from ft. the 
ground, and the standard spacing 110 ft., with maximum 
spacing 150 ft., when required the nature the ground. The 
angle turned any one pole does not exceed 20°, except special 
construction. survey the entire route was made, including levels 
each pole; ground profile was prepared, and the grade line for the 
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top ofthe poles greater part the distance, right- 
of-way, 200 ft. width, was obtained purchase condemnation, 
but, few points, and passing through towns, was necessary 
follow the public highways, and some the narrow 
where there were already two railroads, became necessary follow 
part the railroad rights-of-way. All the timber and brush within 
ft. the poles either side was cut, and all high timber 
greater distance, which falling could possibly injure the line. The 
contours the map, Fig. 19, give excellent idea the nature 
the country through which the lines are constructed. Starting from 
Canyon Ferry elevation ft. above mean sea level, the 
Butte lines pass over three distinct summits and reach maximum 
elevation 300 ft. Much the country very rough and wild, 
and the section between Boulder and Woodville practically without 
inhabitants. Through this section was necessary build wagon 
roads, order handle the material, and much the right-of-way 
was cleared through heavy timber. certain sections the grades 
average 500 ft. the mile, and the transportation the material was 
one the serious problems. 


There are three sub-stations connected with the system, and ata 
few other points power delivered directly from the 000-volt 
circuits. 

The East Helena sub-station operated 12000 volts. 
contains oil-insulated and air-cooled transformers, also lightning 
arresters and plug-boards similar those installed the power- 
station, and already described. Practically the entire capacity this 
sub-station utilized the East Helena Smelter for great variety 
purposes, all the power the works being derived from this 
source. 

The Helena sub-station also the 000-volt circuits. 
contains high-tension apparatus similar that East Helena and 
the power-station. From this point supplied all the incandescent 
and lighting, and the street railway and other electrical power for 
the City Helena. the apparatus here installed has already been 
described, and this sub-station, well that East Helena, 
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represents only standard practice, further detailed description 
attempted. 

The largest the sub-stations Butte, having transformer 
capacity about H.-P. The building steel and iron, with 
brick floor and concrete foundations. The lined with asbestos 
paper, held position wire netting. Fig. plan the 
building, showing the location the principal apparatus. Fig. 
Plate XI, exterior view the transformer building, showing the 
interior view, showing the transformers, static interrupters, high- 
tension switches and wiring. Fig. adiagram the wiring and 
connections the apparatus. The 000-volt wiring supported 
glass line-insulators, and No. solid copper,rubber-insulated wire, 
the that used the generating station. The 200-volt secondary 
wiring from the transformers the switchboard 800 000-circular 
mil cable, rubber-insulated, lead-covered, and laid conduits under 
the floor. The 000-volt lightning arresters are duplicates those 
the generating stations, and are connected with each conductor 
immediately upon entering the building. After passing the lightning 
arresters, the main circuits pass through high-tension, fused circuit- 
breakers, then divide into inside which pair 
high-tension, fused circuit-breakers for each transformer, and also 
the static interrupters. Between the high-tension, line circuit- 
breakers and the branch the delta connection, there are tapped, 
from each leg the circuits, connections, through high-tension 
circuit-breakers, arranged that the lines may connected 
ple. All these connections are shown the diagram. 

There are six lowering transformers, 950 kilowatts each, which 
are exact duplicates those installed the generating station, except 
that the coils the low-tension side are connected series, 
give the electrical pressure 200 volts instead 550 volts. The 
six transformers are arranged two groups, and the 200-volt 
side are placed knife-switches and circuit-breakers, connected the 
single-phase circuits inside thedelta connections. The three-phase 
connections are made the main transformer panels the 200-volt 
switchboard. There are two transformer panels, one for each group 
transformers, and four main distributing panels. each trans- 
former panel mounted three-pole circuit-breaker, three ammeters, 
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and six single-throw knife-switches. feeder panel placed 
polyphase wattmeter and three ammeters. front each feeder 
panel vertical switch-stand supporting operating handle, con- 
trolling three-pole, double-throw oil-switch, located back the 
board. There are two sets bus-bars, and the knife- 
switches the transformer panels are arranged that either one 
both sets transformers may connected with either set bus- 
bars; both sets bus-bars may connected with one set trans- 
formers. Also, single transformer may cut out any time, and 
the two remaining transformers supply current the bus-bars. 
means the oil-switches referred to, the load can transferred 
either side the bus-bars, cut off entirely, without opening the 
transformer connections. After leaving the main-feeder oil-switches, 
the current again divides and passes through three-pole automatic 
oil-switches, one for each outgoing circuit. There are six such 
circuits present, other circuits, with oil-switches, will added 
required. 

The lightning protection the 200-volt low-tension side the 
transformers provided for the following arrangement: light- 
ning arrester having four gaps series with resistance, 
connected, through 5-ampere enclosed fuse, directly with one 200- 
volt terminal each transformer. the switchboard similar 
lightning arrester connected with each the six bus-bars. the 
feeder-circuits, just before leaving the lightning arrester 
connected with each leg, consisting twelve gaps series 
ground, without fuse, but having fuse and resistance shunted 
around six the gaps. 

There are three pole-lines carrying the six feeders from the sub- 


station the points where the power distributed; one line, carrying 


three feeders, extends distance miles the Butte Reduction 
Works, and, with two circuits, continues mile further the 
Colorado Smelter. The second line, carrying two circuits, extends 
miles over the Butte Hill, the Anaconda Mines, where large 
blowing engines are operated, and whence radiate lighter 
pole-lines, carrying circuits distributing power most the large 
mines Butte. The third line extends about 000 ft. the smelter 
and other properties the Montana Ore Purchasing Company. 
There are connected the Butte circuits unusual number 
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large motors, 200, 300, 600 and 800-H.-P. sizes, mostly the induc- 
tion type. Fig. Plate XII, shows one three induction motors 
300 H.-P. operating the Colorado Smelter. Fig. Plate XII, shows 
800-H.-P. induction motor 175 revolutions per minute, used 
driving air compressor the Anaconda Mines. This last-men- 
tioned motor believed the largest induction motor such 
slow speed ever installed. 


THE OPERATION THE PLANT. 


the operation transmission plant and system like that the 
Missouri River Power Company, starting with given plant and water 
supply, the desired result the delivery, distant points, the 
greatest amount electrical energy, the most salable and satisfac- 
tory form, the lowest possible cost. 

For the generation the power, certain river flowage available, 
varying with the seasons and the years. There also available 
large pond reservoir which may drawn upon supply water 
excess the river flowage for short periods time. The first im- 
portant consideration the nature the load, whether variable 
steady, and whether extending over few hours the entire day. The 
most convenient way expressing this condition reference the 
load factor, e., the ratio the average the maximum load, ex- 
pressed percentage, for the period time over which the factor 
determined. Integrating wattmeters furnish ready means for 
determining with accuracy the average electrical power, and the maxi- 
mum power can always measured various indicating recording 
instruments. The load factors several circuits supplying power for 
variety industrial purposes will usually differ widely, and the best 
result, far station loading concerned, will obtained unit- 
ing all one set bus-bars, and operating the entire station 
unit. Sometimes this impossible account different electrical 
pressures being demanded, account certain circuits requiring 
greater refinement regulation than others. The conditions 
Canyon Ferry have been adjusted that possible operate all 
circuits together, that the generating machinery working one 
load factor, about for the hours; the load factors the 
several circuits varying meanwhile among themselves from 95% 
some others. evident that the higher the load factor, 
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the smaller the machinery capacity required service carry given 
average load; and also follows, general, that the efficiency 
greater because the machinery can operated more nearly its full 
load. 

The load factor also has important bearing upon the speed regu- 
lation the water-wheels, and upon the electrical regulation the 
system. Commercial considerations frequently require the acceptance 
from customer power load load factor, but the best prac- 
tice regulate the design that such loads can combined with 
others, resulting average condition more favorable economical 
operation. the practice the Missouri River Power Company 
operate the entire station unit, connected multiple, but the 
design such that circuits can operated separately under special 
conditions, emergencies any kind. The station load factor 
being determined, the amount average power which can generated 
will depend upon the flow the river, provided there pond 
reservoir affording water storage sufficient permit the carrying 
the peak loads, without seriously affecting the head. This most 
important matter, permits the plant carry anaverage load fully 
the flowage the river, while, without such reservoir, the 
power generated could not exceed the maximum the station, which 
would materially less than the average. Canyon Ferry the pond 
ample for this purpose. 

Next importance the form and amount loading the 
station the question speed regulation. For many years close 
speed regulation was thought impossible for water-wheels driving 
machinery subject suddenly varying loads; but the difficulties have 
been overcome, and has been found that very satisfactory results 
can obtained correct designing, and the use proper governors 
actuate the water-wheel gates. The first consideration have 
such hydraulic design that the water can pass freely the wheels, 
and avoid those arrangements which require considerable change 
the velocity the water, with varying gate the wheels; such, 
for example, long penstocks having little hydraulic grade. the 
design this particular bad the regulation will suffer, regardless 
the excellence the governor, time element will introduced 
which the water column will accelerated retarded, and during 
which the water-wheels cannot fully respond the gate opening, 
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account the varying effective head. One the principal reasons 
leading the removal the old penstocks and the construction 
the open canal Canyon Ferry was obtain better design this 
particular, resulting better speed regulation for the plant. The 
nearer the design approaches to.an absolutely open setting, with the 
head entirely above the wheels, the better the regulation. From 
inspection the drawings will seen that the water passages 
from the canal the wheels are very direct, and that the design 
approaches closely the most desirable conditions. Next import- 
ance, after proper hydraulic design, good governor, having ample 
power, and proper arrangements for relaying and returning the speed 
normal all points the gates. also essential that 
governors have distinct speed characteristic, order that the various 
wheels driving generators connected electrically multiple may 
divide the load properly all points gate. Ifthe governors not 
have such speed characteristic, the conditions will unstable, and 
the wheels will shift the load between themselves, some taking more 
than others. The governor used this plant well known, and 
possesses the requirements mentioned. Besides good governor, 
necessary have water-wheel with gates designed for easy control 
the governor mechanism. Builders water-wheels have given this 
subject considerable study, and great improvements design have 
been made this particular. The essential requirements are that the 
gates move easily all points, and possess little inertia. The cylinder 
and wicket types gate alone seem meet these requirements for 
turbine wheels without seriously sacrificing efficiency. The new 
wheels Canyon Ferry have cylinder gates, and the speed regulation 
does not exceed under severe changes load, and under ordi- 
nary working conditions. 

the operating electrical features, that most general interest 
the high voltage the Butte transmission circuits. The electrical 
pressure maintained regularly 000 volts and more. This 
pressure higher than that used regular commercial service elsewhere 
the present time, within the knowledge the writer. For many 
months regular commercial service has been maintained this 
pressure, and the results have been very satisfactory. Lightning, 
wind, rain and snow have not interfered with the regularity the 
service. The electrical losses due the pressure are trifling 
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amount and far less than the gain other respects from the same 
cause. The behavior these circuits does not differ greatly from 
similar circuits lower voltages, and there are luminous effects, 
discharges, the lines, under normal working conditions. very 
satisfactory telephone service maintained one the high-tension 
pole-lines. 

The two transmission lines Butte are generally worked 

multiple, but each line has ample capacity for carrying the entire 
load, when necessary. the operation the plant customary 
energize the lines separately from the station, and synchronize 
tie the lines together the Butte sub-station. The overload 
switches and other special devices, already described, provide ready 
means for disconnecting any line feeder, and any single unit 
group units apparatus, either the power-station the sub- 
station, can put into service instantly removed therefrom with- 
out affecting the service, without the knowledge the customers 
that anything has taken place. 

The regulation the electrical pressure one the most import- 
ant factors the successful operation transmission system. The 
maintenance practically constant speed is, course, requisite. 
The generators should have good inherent electrical regulation, not 
only for changing load, but more especially for varying power factor. 
The electrical regulation the transformers importance, but 
more especially that the transmission lines and feeders. The 
inductance, capacity and resistance the transmission circuits can 
controlled design certain extent, and, the nature and 
amount loading are known advance, the line regulation can 
predetermined with accuracy. The nature the load, especially 
its power factor, most essential bearing the regulation. 
uniting the various loads and working the entire system unit, 
there obtained, under ordinary conditions Canyon Ferry, 
station power factor about per cent. The regulation the 
Butte sub-station within normal, under regular service con- 
ditions. The problems electrical design and operation involved 
this subject are complex, and are not within the scope this paper, 
hence are not here treated mathematically detail. 

the generating station, the usual operations starting, stop- 
ping, switching, paralleling and synchronizing are those common 
all large power plants, and not merit special description. 
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THE SANITARY DISPOSAL MUNICIPAL 
REFUSE. 


Informal Discussion.* 


PRESENTED THE MEETINGS DECEMBER 17th, 1902, 
7th, 1903. 


Am. Soc. E.—The subject herewith pre- 
sented for discussion does not include the disposal sewage. 
This has already received much attention and fairly satisfactory 
solutions. embodies the treatment the miscellaneous solid 
materials which are not removed water carriage underground 
channels, but require special cartage, and the best disposition 
which not yet generally recognized. The subject, fact, still 
under development, and, seems the speaker, has now reached 
stage where requires the assistance the civil engineer bring 

For convenience discussion, perhaps also treatment, the 
materials included may divided into four classes: 

sweepings; 

rubbish; 

IV.—Kitchen garbage, swill slop. 

The discussion this subject, for which formal paper was presented, printed 
Proceedings order that the views expressed brought before all members 
the Society for further discussion. (See Rules for Publication, Proceedings, Vol. xxv, 


Communications this subject received prior February 28th, 1903, will pub- 
lished subsequently. 


\ 


The problem before the engineer, therefore, effect sanitary Mr. Hering. 
collection and disposal these four classes refuse the least cost. 
For this purpose must ascertain and carefully consider: 


objectionable qualities each class refuse, viewed from 
sanitary standpoint; which means the destruction disease 
germs, the avoiding nuisance and the seeking comfort 
and decency the handling this matter. 

B.—The cost collection—from the place origin that final 
the cost final disposal, modified any credit 
that may due toa salable value any part parts the 
refuse. 


COLLECTION AND DISPOSAL. 


objectionable feature the collection and disposal 
ashes the dust. When placed the sidewalk, when carted 
through the streets, when dumped while the wind brisk, the 
arising dust nuisance. 

The evident and simple remedy against dust, when collecting ashes, 
the use covered receptacles and covered carts, and, when disposing 
them, careful and slow dumping, or, special occasions, 
perhaps also prior wetting. 

The filling low ground the usual way disposing this 
material permanently. Occasionally, has been utilized ingre- 
dient for mortar for road-making. 


sweepings consist horse droppings, 
accumulations general city dust and dirt not separately removed, 
and earthy material worked the surface pervious pavements 
brought wheels from country roads. 

The composition sweepings, therefore, varies with the quantity 
and quality traffic, the kind pavement, and the distance from 
unpaved roads. The sweepings may contain large small pro- 
portion organic matter, some which may break down rapidly and 
some slowly. The fineness this material its chief objection, 
the wind readily takes and blows about, the injury man, 
beast, and certain kinds property. Germs the most 
prevalent city disease, tuberculosis, may abundant the street 
dust, and the troubles the continual warfare against this dust, when 
settling the rooms our houses, are known all. 

Sprinkling and sweeping frequent intervals are the recognized, 
though often inefficiently executed, remedy against the dust nuisance 
within the city, and covered carts are also here required for the 
proper removal the material. 

final disposal can effected either several ways. When 
mixed with fuel, and especially when containing but little inorganic 
matter, can burned, which destroys effectually the organic matter, 
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including disease germs, contained therein; or, can dumped for 
the filling low land, which can quite satisfactory many cases. 
When dumped, the upper surface the fill alone remains exposed 
the wind, and this only temporarily until vegetation protects it. 
When street sweepings contain large proportion organic ingre- 
dients, horse manure, they are utilized fertilizing agent, with 
more less success, and with the concomitant elimination their 
objectionable qualities. 

that aggregation material which not classed especiaily under the 
other headings. consists chiefly wood, paper, straw, leaves, rags, 
leather, stoneware, glass, metals, and sweepings from buildings. Its 
most objectionable qualities are dust and lurking disease germs. 
not easily decomposed, and its odor but slightly offensive. Its 
value consists partly the material that may picked out, assorted 
and sold, such metals, glass, and discarded articles manufacture, 
and partly the fuel constituents which retains after such picking. 

Its collection should made covered carts, prevent odors, 
dust, and other nuisances. The frequency collection not im- 
portant question, due the character the material. 

Its final disposition, after has been picked over, usually either 

Filling low land with this rubbish was early practice, and still 
persists many places. Where land available, where such mate- 
rial will not cause future trouble, and where cannot burned eco- 
this practice cannot seriously objectionable. Where the 
rubbish can properly burned, such practice would generally pre- 
ferred the medical profession. 

Garbage, otherwise called Slop.—Garbage 
proper the refuse chiefly from kitchens, markets and slaughter 
houses, and consists almost wholly rejected animal vegetable 
matter solid and liquid form. large proportion, therefore, read- 
ily breaks down, and, becoming putrescible, spreads offensive odors 
about. 

the most important part city refuse, both because likely 
create the greatest nuisance, and because has the greatest inher- 
ent commercial value. has been the subject more discussion, its 
treatment has been more varied, and satisfactory solution the 
problem disposal less generally acknowledged, than the case 
the other classes refuse. 

Regarding the best manner collecting this material, there but 
little question. generally conceded that should placed 
water-tight and covered receptacles, and collected water-tight and 
covered carts wagons. also conceded that the collection 
should frequent. The frequency, however, varies often with the 
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density population. Yet this density affects only the quantity Mr. Hering, 


the material, not its liability putrefy, which controlled wholly 
its composition, the length time exposed, and the tem- 
perature. That the latter beginning recognized some 
cities evidenced ordering more frequent collection summer 
than winter. The necessary frequency should also vary with the 
manner disposal. If, for instance, garbage fed swine, then, 
for sanitary results, daily collection peremptory throughout the 
year, only very cold weather. 

northern climates, where winters are cold and long, the recep- 
tacles, for obvious reasons, are better made wood than metal, 
while warm climates the reverse true, which conclusion already 
recognized occasionally. Where garbage likely freeze while wait- 
ing for collection, conical-shaped receptacle the only proper 
form. 

The final disposition this material now being effected the 
following ways: 

1.—Feeding swine, 

2.—Dumping filling, 

3.—Dumping into large volumes water, 
4.—Ploughing into soil, 

5.—Extracting the grease, 

6.—Cremating the organic matter. 

Feeding Swine.—This was one the first methods disposal 
ever used, and still practiced extensively. New England 
the prevailing method small and medium-sized communities. 
kept free from other refuse, and from such would injure its food 
quality, collected and properly delivered daily, there seems 
serious objection this method, either from hygienic com- 
mercial standpoint. has advantage over all other methods 
yielding revenue from its sale, which sometimes greater than that 
obtained through any other method disposal. Its application, 
however, must confined conditions under which the sanitary 
quality the food, respecting disease germs and odors, can safely 
guarded and maintained, and which excludes from adoption large 
cities, except the case hotels and eating-houses, where private 
collection can secured. 

found objectionable. When not mixed with other refuse, dumping 
objectionable account the subsequent putrefaction, case 
large accumulation the garbage. When mixed with other refuse, 
the merits dumping depend the proportions the ingredients 
the mixture, and the character the locality where dumped. 


Under some conditions nuisance would, and under others would not, 
result. 
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Dumping into Large Volumes Water.—This method can, cannot, 
advised according the special conditious the case. Like the dis- 
posal sewage dilution, safe disposal garbage can effected 
dispersion, the quantity water sufficient, the current 
winds prevent drift ashore, and the sinking material does not 
accumulate reduce the necessary channel depth for naviga- 
tion, produce foulness deposit shallow areas. Opportunities 
for satisfactory disposal this manner will rare. 

Ploughing into Soil.—This has been practiced with varying success. 
freed from metals and large entangling objects, and mixed with 
barren sandy soils acid soils, garbage being somewhat alkaline, 
good results have been obtained for the raising crops under care- 
ful management. This process present considered favorably 
several cities Europe, because can dispose disease germs and 
odors satisfactorily, and because its gradual nitrification has pro- 
duced fertile soil where sterility had previously prevailed. 

Extracting the Grease.—The extraction grease from garbage 
American industry which has been promoted number our 
cities. The process its general form consists briefly separating 
the material into two parts, each having salable value, namely, oil, 
fat, and dry, stable, fibrous material vegetable and animal 
origin, called tankage, and used filler diluter for certain fer- 
tilizers. The separation brought about simple boiling and sub- 
sequent pressing out the oil and water, which are turn separated 
gravity. Or, accomplished admixture with naphtha, 
which dissolves the oil, and later, after separated from the tank- 
age and cooled, enables readily extracted. The water sepa- 
rated from the oil offensive liquid, and the gases and fumes 
generated the works are offensive vapors. Both require careful 
and thorough treatment. 

The objections this reduction method garbage disposal, which 
still practiced Boston, New York, Buffalo, Philadelphia, Wash- 
ington, St. Louis, Cincinnati, although abandoned some 
due the offensive odors occasionally, not continually, 
arising from the same. The process requires the rejection the 
works tin cans and other foul material which interferes with the 
economical process securing the oil. For such rejected material 
different treatment and disposal necessary. While, from engi- 
neering point view, practicable construct and operate these 
reduction works that odors will not prevail, the means for doing 
are also expensive. they are operated invariably business 
undertaking for profit, the conflicting interests naturally involve the 
constant danger possible nuisance. The practical result has been 
that, for the sake sanitary security, such works are now placed 
far from inhabited territory practicable, with the disadvantage that 
the distance for transportation has become correspondingly greater. 
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The advantages this method lie chiefly the commercial value Mr. Hering. 
the oil and the destruction disease germs and putrescible 
matter heat. There little value the tankage, which 
occasionally used fuel even wasted dumps. 

After all the operations reduction process have been conducted 
without offense, the financial aspects will decide the permanent merits 
and value this method disposal. 

Cremating the Organic Matter.—This the favorite and exclusive 
method garbage disposal England, where has been used for 
fifty years; and also the favorite one the medical profession. 
the eyes the sanitarian the complete destruction fire all 
matter that may become offensive, and the same time all disease 
germs that may lurk the sweepings the house and the rejected 
food materials, ideal process. 

practice, however, the results have not always been ideal. 
our country odors from such works have been complained many 
instances, and number crematories have been abandoned nui- 
sances. England, however, such has not been the case. Furnace 
extensions are built every year. Complaints are rare. Hamburg, 
Germany, where the largest single garbage crematory existence, 
this giving offense, although adjoining built-up section. 

examination into the reasons for the different results achieved 
cremation Europe and America shows that the elements making 
the problem are not the same. 

1.—The material burned Europe has not the same com- 
position that which here has failed burn properly. European 
success was achieved with refuse generally consisting mixture 
garbage with ashes and dry combustible rubbish. The chief failures 
America are recorded where garbage alone was cremated, without 
the admixture other combustible dry refuse, and even after the 
addition furnace coal. examination into the combustibility 
European and American combined refuse does not show great dif- 
ference. The few analyses have show that cremation under proper 
precautions and suitable conditions should practicable here 
England, and recent furnaces built here demonstrate this fact. 

2.—The essentials the construction the successful English 
furnaces differ from those the furnaces peculiar our country, 
where they have not been satisfactory. The English furnaces are 
built with sloping grates small area, while the American furnaces 
generally have horizontal grates large area. hardly necessary 
here point out that this element lies main defect our plants. 

sloping grate admits almost continuous process 
gradual drying, then heating, and finally burning; the fresh material 
being added the upper end and the hottest fire being near the lower 
end. horizontal grate, the other hand, secure proper combus- 
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tion, depends almost wholly upon stoking, which causes the burning 
irregular, due the sudden dropping cold and perhaps wet 
material upon that which already almost completely burned. 
Europe also find extensive use large dust chambers pre- 
vent the escape this fine material, which often hear com- 
find also more frequent and effective placing dampers 
control the draughts, and thus prevent the escape unburned, and 
therefore odorous, solid particles and gases. Finally, more attention 
directed there than here the evolution the greatest possible 
heat for the incidental production steam. 

3.—The expert garbage fireman, who considered essential 
success England, generally supplanted here man whose only 
qualification for the position may that can shovel coal pull 
out clinkers, but generally has not the remotest knowledge even 
conception the difficulties burning, large scale, both continu- 
ously and completely, the most heterogeneous mixture all forms 
solid matter gathered from modern community. The 
advantage trained expert firing city refuse was well shown 
the fact that until Hamburg imported English firemen train the 
German firemen the mere operation their own plant, satisfactory 
results could not obtained. 

4.—In Europe, the municipalities, under the guidance experi- 
enced engineer officers, generally undertake the cremation their 
own long-trained employees, while here usually either the health boards 
council committees select not only the design, but indicate the 
method operation, appoint inexperienced employees, enter into 
contract for immediate profit rather than for permanent efficiency. 
The difficulties underlying the problem city refuse disposal, which 
almost wholly one engineering, have been solved satisfactorily 
where competent engineers have been employed for the purpose. 
hardly expected that, without professional skill and training, 
desirable results can reached this, any more than any other, 
branch engineering. 

will therefore rest finally upon our profession solve this urgent 
question our country, not only making the necessary prelimi- 
nary investigations determine the most economical means disposal, 
indicate the methods, and design the works that will accomplish 
this sanitary and inoffensive way; but, also, indicating the 
details operation most suitable for the particular kinds material 
delivered. 


discussing this subject, full view what has been said 
regarding the sanitary demands, are now add that the latter 
demands can satisfied the engineer any and all their aspects 
the necessary price paid. therefore obliged estimate, 
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here, his other problems, the cost each method, developed 
point satisfactory efficiency. The least expensive the several 
possible methods will then become the preferable one. the ques- 
tion cost embodies the collection, from the point origin the 
point disposal, the estimate must embody the expense required 
between these two points; for one process may require much 
longer haul than another; then, economical, the disposal the 
first case must cost proportionately less than the second. 

Theoretically, would proper, given case, first estimate 
the cost properly collecting and disposing each class refuse, 
separately, accordance with the several practicable ways indicated. 
Then might appear that perhaps some two three all four classes 
refuse could treated economically the same process. this 
event second estimate cost would appropriately made for 
system combining the collection and disposal two more such 
classes refuse, and thereby the expediency system separa- 
practice, this procedure sometimes might very simple. 

making such estimates cost necessary take account 
both debit and credit sides the financial aspect. 

The collection debit every case, its amount depending upon 
the distance the refuse hauled. When garbage fed swine, the 
collection should more frequent than other cases, and further 
debit would proper that account. 

The final disposal has both debit and credit sides investi- 
gated. the case kitchen garbage and dry rubbish substantial 
debit required establishing preventive and precautionary meas- 
ures against the arising offensive odors, dust other nuisances, 
whatever process disposal may considered. the other 
hand, the credits must determined, the case may be, and, 
found exist, they may given the several classes refuse 
follows: 


Ashes.—By filling land, utilization for road-making, ingre- 
dient mortar, otherwise. 


Street Sweepings.—By making land utilization manure, 
otherwise. 

Dry Rubbish.—By utilizing whatever value exists the pickings, 
and the remainder fuel for power purposes. 

Kitchen Garbage.—By utilizing its value either food 
grease and fertilizer, heat producer for power development. 

the subject under discussion treated substantially above 
outlined, the speaker believes: First, that, through the co-operation 
the engineering profession, will gradually cease vexed ques- 
tion among our legislators; secondly, that the sanitary demands, 
preventing nuisances and dangers health, will satisfied; thirdly, 
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that the economical advantages inherent the several processes will 
secured; and fourthly, that the result will efficient process 
operated the lowest cost. 


Parsons, Am. Soc. E.—The primary collection 
the refuse municipality made carts, which convey the waste 
material points for final disposition. This primary collection 
presents special difficulties. matter carefully working 
out the details suit best the existing conditions. 

The problem that serious and difficult that the 
final disposition this refuse—a problem which closely allied 
the health The direct benefits derived suitable 
system for sanitary disposal are augmented indirectly increase 
the health the community. 

matter how the question approached, the practical consider- 
ations first cost and expense operation and maintenance will 
found paramount. this account, well the short tenure 
office our city authorities, systems have come into use which are 
neither the most sanitary nor most economical for final disposition. 
Contracts have been let for such short periods that contractors have 
refrained from erecting suitable plants, and systems have been evolved 
which only earn for the cities portion the direct returns that 
might obtained. 

The refuse municipality consists garbage, ashes, rubbish 
and street sweepings. average American city the divisions are 
proportioned approximately, follows: 


weight. volume. 
per cent. per cent. 
57 
95 
The statistics gathered from one city are not applicable 
another; and results predicated information obtained from other 
places will not always satisfactory. order make final solu- 
tion the problem, necessary study the conditions obtaining 
the particular place under consideration. Garbage combustible. 
extremely difficult, however, burn pure garbage, and has 
been found necessary fuel with order obtain complete 
combustion. The amount fuel required varies from 20% 
coal weight, according the character the place and the 
constituent elements the garbage. Ordinary kitchen garbage 
consists approximately, weight 


Animal and vegetable matter 
Grease 
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Ash collections are divisible into two kinds, steam ash and house- Mr. Parsons. 
hold ash. The steam ash, produced manufacturing companies, 
comes city dump practically pure. clean and contains little 
unburned coal. The household ash, the contrary, contains large 
quantity unburned coal. has been estimated that, city like 
New York, the quantity unburned coal the ash carted the 
dumps from private houses and apartment houses amounts about 
and, the speaker’s experience, there little question but that 
the proportion correct. This coal, mixed with the ash, can and 
utilized fuel assist the combustion garbage. The ash 
collections make good filling material, and can disposed for 
that purpose. 
Rubbish collections are very combustible, are also the street 
sweepings. 
Final disposition the refuse may made, first, dumping 
waste lands, sea; secondly, sending the garbage reduction 
works, cremating the rubbish, and utilizing the ash collections for 
filling; and, thirdly, cremating the garbage and rubbish, and util- 
izing the ash collections for filling. 
The first method neither sanitary nor satisfactory. 
The second method sanitary, but not wholly satisfactory. The 
reduction works can only handle garbage, and the system considered 
uncertain case epidemic, asthe employees might refuse work 
the plant. Such works can only afford operate bonus paid 
the city. The process consists extracting the moisture pressure, 
being cheaper than evaporation, and cooking the material 
steam large tanks digesters. The products are grease and 
residue sold fertilizer. The plants are expensive construct. 
The third method sanitary, and, the speaker’s judgment, the 
best; because has been accomplished without creating nuisance, 
because the most sanitary, and because can made produce 
the greatest revenue. successful the combustion must take 
place high temperature, say between 1500 and 000° Fahr. 
The household ash, the rubbish and the street sweepings will supply 
the fuel. 
Cremation has been tried, number places America, with 
poor results, although very successfully practiced Europe. The 
failure American cities has been largely due faulty design the 
furnaces, lack high temperature most essential feature), and want 
means for properly caring for the garbage when first brought the 
destructor. When garbage allowed collect mass, most 
highly objectionable, and such collections have caused, some 
instances, the failure what otherwise might have been successful 
plant. The heat generated can used for various purposes and 
made income-earning. 
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Area Greater New York 320 sq. miles. 
Paved Streets, Greater New York 


London 


The amount refuse collected yearly the Boroughs Manhat- 
tan, Bronx and Brooklyn about 800 000 tons. The collections, 
pounds per capita per week day, are about follows: 


Total per capita per week day 


Comparing this record with other cities, which the records are 
believed fairly accurate, the following comparison made: 
3.9 lbs. per capita per day. 


Results varying widely show the difficulty predicting what 
can done with municipal refuse, unless one knows advance the 
character the waste. 

The rubbish collections New York City weigh, the average, 
about 250 per cubic yard. Boston they weigh about 202 
per cubic yard. 

These rubbish collections have been divided follows: 

weight. volume. 
Combustible material per cent. per cent. 


The rubbish picked over the dumps trimming contractor, 
who pays the city for the privilege. The value this marketable 
material the city about $3.20 per ton. The Commissioner 
Street Cleaning has stated that this figure too low; probably 
should increased per cent. figured follows: The average 
rubbish collections are per day, tons per week, 
which the marketable salable material 35%, say 600 For 
this the contractor pays the city approximately 920, the rate 
$3.20 per ton. 

The present Commissioner the Department Street Cleaning 
had incinerating plant* constructed, from designs the speaker, 


Engineering News and The Engineering Record, April, 1902. 
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the city dump atthe foot West 47th Street, Borough Man- Mr. Parsons. 


hattan. 


The record this incinerator follows: The number loads 
rubbish brought the incinerator per 
20; average, 44.2 loads per day weigh about 000 
30.5 tons. this amount about 75%, 22.87 tons, was consumed; 
5%, 1.5 tons, was incombustible; and about 6.1 tons, was 
trimmed. Much more than could have been trimmed, but the 
incinerator material fast that the contractor did not 
have time out. 

The incinerator contains grate surface sq. ft., and the stack 
120 ft. high. The average weight the material consumed per 
hour 720 63.5 per square foot grate per hour. 

The design the incinerator, brief, consists three cells, each 
having ft. grate area. The products combustion pass over 
the cells into the smoke flue such manner that the product from 
Cell No. has pass over Cells Nos. and the product com- 
bustion from Cell No. mixes with the products from Cell No. and 
together they pass over Cell No. and that from Cell No. mixes 
with the products from Cells Nos. and intimately mixed 
again passing along tortuous the base the stack The 
result this arrangement has been highly satisfactory, regards the 
non-production smoke. Taking day when the material 
was brought the incinerator wet, the smoke was seldom visible for 
more than about ft. from the top the stack, and then only 
during the period stoking one the grates. 

This incinerating plant was constructed experiment. 
order that might free from any hindrance injunction other- 
wise, lest create nuisance neighboring property, was de- 
cided locate the plant one the city piers, about 250 ft. from 
the bulkhead line. The permanency location, course, was not 
considered, the idea being that the plant could constructed 
quickly and show that combustion could carried without creat- 
ing nuisance, would lead the introduction the future other 
stations, more favorably situated, and which better facilities could 
provided for the reception the material and for the picking 
the same. 

The incinerator, thus far, has proved satisfactory, and the Com- 
missioner has authorized the preparation plans for further developing 
its capacity. 


analysis the cost incineration compared with removal 
material scows follows: 


First, the Final Disposition Scows, Formerly Practiced.—Assum- 
ing the same figures now obtained the incinerator, namely, 
tons material per day, the average, the cost removal that 
material, figured cents for towing, and two days’ hire the 
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scows, (one for loading and one for towing) cents, comes 
about cents per ton. Owing the bulkiness rubbish, only 
about one-half tonnage can put upon the tonnage being 
figured volume, which makes the disposal the material come 
something like cents more per ton weight. Therefore, 24.39 
tons cents cost the city $19.51 for removal. The 6.1 tons, making 
the 30.5 tons, which saved the trimmers, $3.20, also figures 
$19.52; thus, practically, the cost removal scows was offset 
the receipts from trimming. 

Second, Incineration.—The result approximately 
lows: Received from trimming 6.1 tons $3.20, $19.52 per day. 
Received from the city ash collections, which this dump 
amount about 600 tons per day, and which are made salable at, 
say, cents per ton when freed from the rubbish, $30.00. Total 
receipts the city, $49.52. The cost remove the incombustible 
material, 1.5 tons, cents, cents; cost burning, interest 
and repairs the incinerator, estimated, per day; labor, feeding 
and firing, four men, $10 day; ash removal, day; total, $18, 
Net gain, therefore, the city, $30.94 per day; yearly gain, more than 
000. 

The incinerator, these figures, will pay for itself within two 
years. According the figures quoted the Commissioner, namely, 
cents ton for the ash collections, would make daily revenue 
$114 from the ashes, place $30, net gain $114.94 per day, 
more than $34 000 per annum; which rate the incinerator would 
pay for itself less than six months. 

The ashes produced the incinerator are very light, completely 
burned, and, owing the large quantity wood from which they are 
produced, have some value fertilizer, and are used the Park 
Department for spreading lawns and around trees. 

The improvements referred are unloading floor and belt 
conveyor, which should increase the amount material trimmed, 
that is, the marketable material; and should reduce the cost labor. 
Probably the services two the men now required.could then 
dispensed with. 


Esq.—For twelve years the speaker has been ac- 
tively engaged the work final disposal municipal refuse. 
has been his province present the question many places and 
many ways, and, until now, must candidly said that has not 
met with appreciation attention the part the engineering fra- 
ternity. has been question which has fought its way, despite op- 
position, has been the hands men and committees who were 
really unacquainted with the subject, and has consequently been ap- 
proached from the standpoint endeavor solve engineering 
question without the benefit the best engineering skill. 
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The whole subject very wide one; cannot treated short Mr. Morse. 
way—by short discussion—it has taken piecemeal and dis- 
sected, each part separated and treated itself. 

The remarks Mr. Hering cover the whole question general 
way. has given outline the various methods collection, 
the disposal, and the results obtained. The remarks the Com- 
missioner Street Cleaning and Mr. Parsons cover the work donein 
New York, but there are many other cities than New York investigat- 
ing this matter, and much wider scope than the limited field 
single city. 

the limited time allowed possible deal with the question 

only very general way, and brief sketch what has been 
done the past ten twelve years this country, and, comparison 

with that, idea what has been accomplished abroad. 

Municipal waste has been divided into four classes: garbage, street 
sweepings, ashes and refuse. The disposal all these accom- 
plished two methods, systems: reduction and cremation. Re- 
duction, the treatment garbage only for obtaining commercial 
product, not now under discussion; but may saidin passing that 

this method has been adopted several the larger cities, has cost 

large sums money establish, and yet stage where im- 

possible say what its future will be. only known that com- 

panies and men are putting large sums money into reduction 
processes, and that, far, many plants have failed and have been 
abandoned have succeeded. 

city investigating this subject with view the disposal 
all its waste, and adopts means disposal which treats only 
one-tenth it, there manifestly left its hands the remaining 
Reduction deals with only 12% the whole col- 
lected waste the city, treating garbage only. Cremation, the 
other hand, takes the whole collection miscellaneous waste and dis- 
poses all. 

There have been the United States, the last twelve thirteen 
years, something like seventy-five eighty places where cremation has 
been This work was begun Des Moines, Iowa, about four- 
teen furnace invented Mr. Andrew Engle, and from 
which have come all the forms the American cremator, all more 
less imitations the original Engle type. structure rect- 
angular form, having upper chamber and transverse bars which 
the garbage deposited. The one end, and the 
secondary fire for burning the gases the other end. all cases 
American crematories two fires have been found necessary, and that 
principle has been maintained constructions this type. 

About month ago, article appeared one the prominent 
municipal journals under this caption: ‘‘Why American Crema- 
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Mr. Morse. tories Fail?” The text that article was report, made leading 


engineer this Society, upon furnace built neighboring city, 
and which was reported working unsatisfactorily. Inthe 
sentials, that true, and, after twelve years’ experience build- 
ing garbage this country, the speaker isin position say 
that satisfactory progress has not been made; that while one another 
typeof furnace after the American pattern has been built and has per- 
formed its functions, and may still doing so, the retrogression— 
that say the abandonment furnaces which have been built after 
these patterns—has kept pace with the number installed. Therefore, 
comments, the newspapers and prominent engineers, the 
effect that the progress the disposition this country 
not satisfactory, are absolutely true. 

Beginning fourteen years ago, with that form American cremator 
which was shortly after imitated other constructions, there have 
been seventy-five built, and these perhaps the most widely known 
and successful installation the American type was made the 
Fair Chicago. This wasa case where was expected that 
some tons refuse per day would handled, also the sew- 
age sludge which could not disposed any other 
naces, after improved Engel pattern, were built, and were run six 
months without intermission, using oil fuel, and destroying the 
grounds the Exposition, within the confines one building, allthe 
garbage and allthe sewage sludge caused the presence 500 000 
persons, without sanitary nuisance, and the entire satisfaction 
the authorities. 

That example what might done under the best condi- 
tions which American furnace could work, but that exampie was 


never improved upon. The furnaces built were offered gift 


the City Chicago, but they were declined the ground that they 
were public property, under control the State, not the 
City, and could not accepted the City. The results that 
demonstration Chicago show that under proper conditions garbage 
containing large percentage moisture and sewage sludge (two 
the most refractory things the world deal with fire) could 
destroyed maintaining sufficiently high temperature and provid- 
ing combustion chambers for the destruction the gases. Unfor- 
tunately, this example was never carried much further that 
company, but was acted upon others, and has been repeated 
since; yet, spite the lessons taught ten twelve years ex- 
periment, may said that the progress made cremation work 
has been equalled the retrogression the same line; that furnaces. 
are abandoned about often they are built. 

There are several obvious reasons for this. The work has been 
begun the wrong end. the outset, sufficient amount engi- 
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neering skill was never applied it. 
gone about the country and have been persuaded ambitious furnace 
builders install plants. These plants have been simply experi- 
mental—built for profit. They were not durable, and required ex- 
tensive repairs. many cases they were not sanitary; they emitted 
odors; they were not all respects adapted the work required 
them, and they were expensive operate. Yet, with all their defects, 
they have made for progress one particular: they have directed the 
attention the people the fact that something needed. 

the present time there are four five companies constructing 
garbage crematories with varying success different parts the 
country. least ten twelve firms who have gone down— 
other words, who have constructed furnaces found inefficient— 
and are stage the general question cremation where 
necessary have some more efficient means brought forward. 
progress made, must made either inventing new 
furnace, adopting other furnaces which have been proven suc- 
cessful elsewhere. 

The question arose England twenty-five years ago, long before 
was ever thought here. began the construction the cell 
furnace, so-called, the Freyer destructor, operating the use 
natural chimney draught, forced draught being thought necessary 
that time. The results were almost identical with those the 
American furnaces to-day. The temperature was low, offensive 
gases were thrown off, notwithstanding the fume-cremator,” sec- 
ondary fire, and was found expensive maintain. real progress 
was made until about four five years ago, when the furnace was 
shortened, forced draught introduced, the sloping platform made 
such shape that the garbage could used part the fuel, and 
combustion chamber added, behind which steam was 
placed. 

The English destructors are to-day one the most powerful 
agencies for sanitary conditions England. They take what 
known here municipal waste, whole. separation made; 
the entire waste the household goes into what called ashpit, 
ashbin—garbage, refuse and ashes—and this taken directly the 
destructor and burned. destroyed under forced draught, with 
other fuel needed than the material itself. The the pro- 
duction volume heat which operates steam boilers very great 
capacity, the power from them being utilized for the production 
electricity, for pumping sewage and water, and for many other muni- 
cipal purposes. 

The comparison between English and American efficient disposal 
work distinctly against us. are doing they did six eight 


years ago. the present time there English destructor this 


Municipal committees have Mr. Morse. 


| 
4% 
q 
‘ 


Mr. Morse. 


DISCUSSION SANITARY DISPOSAL REFUSE. 


continent. The Thackeray furnace attempt. really imi- 
tation the principles the Freyer destructor which was built many 
years ago England, and which has now almost passed out date, 
being supplanted more powerful ones. There are two examples 
this furnace, one Montreal and another San Francisco; but the 
last five years, since these furnaces were built, others have been 
installed, and there has been little attempt develop more fully the 
English ideas. 

The chief reasons for this lie practically the financial side the 
question. The cost the construction destructor about one- 
half more than the cost American cremator equal capacity, 
and municipalities are usually looking first the dollar and second 
the sanitary operation and the comfort the people. 

The following figures are quoted from the latest information 
regarding the operation the English destructors. The compara- 
tive results from twenty English destructors, eight different types, 
with thirty-two tests made for evaporation different periods, shows 
that the average combustion per square foot grate surface 
mixed waste, garbage, ashes and refuse, and the evaporation 1.36 
water for every pound waste consumed. Therein lies the 
secret the progress England. When they put into their de- 
structors mixed mass material and burn under forced draught 
and develop steam power which equivalent the evaporation 
Ibs. water for every pound destroyed, the enormous force produced 
can readily seen, the utilization which has made possible for 
every municipality its work with its own power, without other 
fuel than the material destroyed, very small cost compared 
the cost operation this side the water. 

The cost labor for destroying ton mixed refuse will run 
from cents cents per ton, dependent upon local conditions. 
one place the work carried profit; others, the returns 
from the destructor, steam power and products manufactured 
from ashes, pay all operating expenses and fixed charges. The 
residuum from these furnaces valuable asset. The clinker 
ground and made into mortar, tiles, paving blocks and brick. 

There another item the credit side the destructor, that 
the utilization power developed the combustion municipal 
waste for use electricity works. 

There are about 160 places Great Britain which destructors 
are used, and more than two-thirds these utilize the power for 
various purposes. The electric force developed destructor which 
burns the waste product city equivalent British Board 
Trade Units per ton waste destroyed. assumed that each 
unit equivalent 280 candle-power, the result something like 
400 500 candle-power from each ton waste. 
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The chief reason why advance disposal work that country has 
been rapid and efficient the fact that English 
proceed upon different plan from ours. They make part their 
municipal work. this country contract work, and, conse- 
quently, there not the same opportunity for cities develop along 
the lines municipal ownership and administration. There 
strong desire municipalities adopt these improved 
methods, but they are held back the fact that almost every case 
the contract takes precedence, and the contractor desirous only 
getting through with his contract, and the same results are not accom- 
plished when the work done the municipality. 

The remarks made the Commissioner Street Cleaning and 
Mr. Parsons upon the work New York City are pertinent and apropos 
the question, but they not cover the country. The principles 
which Dr. Woodbury carrying out were instituted Colonel 
Waring five six years ago, and the experiments made that time 
showed conclusively that the value the rubbish New York City 
was greater far than anyone had supposed. The statement made 
Colonel Waring one his last reports, that the value the 
refuse, garbage and ashes New York City would, properly 
utilized, pay one-half the total expense cleaning the city, has 
never been realized. Yet certainly question which being 
answered the present administration very satisfactory way. 
The Commissioner has alluded to, and Mr. Parsons has described, 
incinerator, for the conversion refuse, West Forty-seventh Street. 

The speaker had the honor presenting this question the Mayor 
Boston four and half years ago, proceeding largely upon the lines 
marked out Colonel Waring, and that time was believed that 
the utilization the refuse would become feature very great 
importance municipal work. Mayor Quincy looked into the matter 
personally. called for specifications and bids; obtained four 
five bids which were unsatisfactory, and rejected them. took the 
plans which were offered for the construction incinerator Boston, 
and caused erected private company. The incinerator 
quite different pattern from the one described Mr. Parsons, but 
for four years has been burning the refuse the business section 
and large part the residential portion the city, taking the waste 
from about 200 000 people, covering about miles streets, brought 
one central point. The waste carried into room and dumped 
upon moving platform, belt, 150 ft. long, and during its passage 
the refuse picked over men placed each side. These sorted 
portions pass into bins and below, and the remainder 
discharged automatically into destructor, incinerator, placed 
across the end the building. The waste destroyed 
began about tons per day for the first year, and has increased 
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until now about tons per day are collected and disposed of. The 
product which picked out from the refuse these men will reach 
very nearly the whole bulk. divided into six seven 
classes paper, five kinds rags, rubber, glass and iron. Every- 
thing possible sorted out and saved, and the residuum destroyed 
are the small, worthless portions paper, excelsior and straw, and 
small amount wood. The operation conducted precisely 
should conducted New York City, closed building, the city 
discharging their loads out sight passers-by, nuisance 
any sort being connected with the work. After baling, the salable 
portions are once conveyed market, and the power produced 
the combustion the worthless portions the refuse drives 
H.-P. boiler its utmost capacity, which turn moves all the 
machinery, lights the building with electric light, removes the ashes, 
heats the building winter, and, thus far, has furnished surplus 
steam power. 

The operation this plant for four years shows that the refuse 
city the size Boston more valuable than almost any other 
part the municipal waste, and that every city with population 
upward can easily turn its refuse into money which will 
long way toward paying the expenses the whole collection service. 

Other cities are considering this question, with bringing 
into use system similar that which has been carried Boston, 
and which has just now been reinaugurated the Commissioner 
Street Cleaning New York City, and which will undoubtedly 
the disposal work all cities the country. 

The average quantity refuse collected about ton per day 
for every 000 persons. may more less according the 
different character the city and the population, but itis sufficient 
value pay for the installation and operation plant any one 
the larger places the country. 

The future this question depends upon utilization. American 
crematories have been going for ten years, destroying garbage 
using coal. The builders, this time, have paid attention 
refuse and its salable and fuel qualities. They have allowed the heat 
produced the combustion waste; and they have not been 
over-desirous guarding against sanitary nuisance, but have sought 
destroy the waste the shortest possible time, without consider- 
ing the economical points involved. 

There general impression that change must made before 
real progress can had, and there hope that the engineering pro- 
fession throughout the country will take this question, has been 
done abroad, and bring its trained experience the assistance the 
municipalities, solving the question much shorter and easier way 
than can otherwise done. inevitable that this will come 
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about. The men who are trained constructive and operative work Mr. Morse. 


should the ones decide what shall done this line every 
city. 

There another side this matter which pertinent the ques- 
tion under discussion. That the disposal the waste large 
isolated buildings, like public institutions every class, hotels, 
business establishments and even individual dwellings. The quantity 
waste produced these places proportionately larger than under 
other conditions. There now use form destructor, installed 
usually the basement the building, connected with the boiler 
breeching, the chimney. These destructors are used for the dis- 
position every class waste, including that from laboratories and 
medical colleges. 

The latest examples these furnaces have been built connection 
with the steam boilers large business establishments, where the 
heat from the enormous mass waste destroyed used auxiliary 
for operating the boilers. some cases the destructor also pro- 
vided with separate steam boiler operated the furnace, but 
supplied with its own fire box, the power from which utilized for 
purposes, like running elevators, connection with the 
low-pressure steam system the building. 

The advantages obtdined the introduction these local 
destructors are the disposition the waste the premises per- 
fectly sanitary manner without the necessity storing and handling 
the same, and the development certain amount steam power, 
resulting the saving coal, other fuel, and some extent 
expense steam boiler equipment. These destructors are also being 
adopted the Government for use Army and Navy posts and 
government buildings throughout the country. 

The number these destructors use, already quite large, 
increasing rapidly, the installations are made under the direct 
inspection and the advice competent architects and engineers 
engaged the construction work. 


Soper, Assoc. Am. Soc. E.—The question the 
sanitary disposition municipal wastes often divided into two 
parts: Final disposition, and collection. 

final disposition meant the utilization simple deposit 
wastes; and collection meant all other steps the operations 
this topic, omit that part the subject which relates collection; 
but, the two questions are inseparably related practice, seems 
desirable that they should treated jointly. 

large extent, the method chosen city for the final dispo- 
sition its refuse controlling factor the organization and plant 


its street-cleaning department. This has been New York 
City. 
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The history and development the Department Street Cleaning 
New York City affords many interesting suggestions the rela- 
tions between final disposition and collection, and the experience 
that city furnishes, withal, such instructive illustration the 
need keeping the various parts the machinery the street- 
cleaning department harmony and the requirements rap- 
idly growing municipality, that some extended reference may 
useful. 

The organization the Street-Cleaning Department, separate 
branch administration New York City, dates from the year 1881, 
which time the collection and disposal wastes was carried 
under the direction the Department Police. The new organiza- 
tion was the outcome much agitation the part the public; 
physicians and political reform associations taking active part 
the crusade. 

For ten years after its formation the Department did little justify 
its existence. the contrary, became such object dissatis- 
faction that, 1891, was determined appoint Advisory 
Commission inquire into the defects the organization and rec- 
ommend measures improvement. 

The Commission was named Mayor Hugh Grant, and consisted 
five citizens, among whom were two business men, lawyer, san- 
itary expert and engineer, the last being member this Society. 

The report Mayor Grant’s Commission marked epoch the 
history the Street-Cleaning Department New York City. is, 
moreover, remarkable document, from the clear and exact way 
which the faults and needs street-cleaning departments general 
are defined, that summary its findings here given: 


the first place was declared that the department was not effi- 
ciently managed, judged standards management well- 
established corporations engaged large enterprises. 

One source difficulty lay the methods employing labor. The 
laborers themselves were inefficient, and owed their positions 
political influence. 

The plant the Department was poorly located. 

The plant was insufficient. 

There was lack proper organization and disposition forces. 

The manner disposing refuse was not satisfactory. 

The law under which the Street-Cleaning Department was conducted 
was adequate, provided was efficiently administered 
Commissioner who had the cordial co-operation the Mayor, 
Police Justices, Department Health, Commissioner Pub- 
lic Works, and Board Estimate and Apportionment. 

The annual appropriation was insufficient. 

The police should help keep the streets clean. 

There should rules for the employment men. 


’ ¥ 
q 
q 


DISCUSSION SANITARY DISPOSAL REFUSE. 


ment required the same kind ability the management 


trausportation company, other large corporation employ- 
ing considerable number men. 


The report Mayor Grant’s Commission, one the most forcible 
and lucid papers this topic which the speaker has ever read, the 
foundation upon which the present organization the Street-Clean- 
ing Department based. The practical effect which the report had 
was the Department legislative enactment 
1892. 

Unfortunately, the opportunities thus opened for developing 
efficient system street cleaning were not first realized. The first 
thing done accordance with the was increase 
the appropriations. Then progress ceased. The Department prom- 
ised remain had always been, organization which political 
influence was carefully and continually fostered. 

the time Mayor Strong’s reform administration 1895 came 
into power was apparent that there was need strong head 
develop the possibilities improvement contemplated the legisla- 
tive act reorganization. now universal satisfac- 
tion that such head was found Mayor Strong when, 1895, 
appointed the late Colonel George Waring, Jr., Commissioner 
Street Cleaning. Whatever may said Waring’s career, 
engineer sanitary reformer, must admitted that the three 
years during which held office Commissiouer Street Cleaning 
made comparatively few mistakes and reached the greatest success, 
raising the standard usefulness his Department, that New York 
City has ever known. 

the same time, not denied that circumstances favored 
Waring. large part his success was achieved lines laid down 
the report Mayor Grant’s Commission 1891. Waring also had 
the alvantage report Legislative Committee investigation 
and advice appointed Mayor Gilroy 1894. The report Mayor 
Committee, dated November, 1894, that: 


First.—Dumping city refuse the harbor its tributary waters 
should absolutely prohibited. 

Second.—The ordinances requiring householders keep separate the 
garbage, kitchen refuse, from ashes and other house refuse 
should rigidly enforced. 

house refuse should collected galvanized iron ves- 
sels with metal covers, such size that, when full, 
they can handled one man. 

Fourth.—Daily collections garbage should made the City and 

delivered dumping wharves into temporary storage, self- 


was observed that the management the Street-Cleaning Depart- Mr. Soper. 
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propelled boats some approved type furnished the 
party having the contract with the City for the final disposi- 
tion the garbage. 

ducing fertilizer and commercial grease; and the City should 
invite competition the various companies controlling such 
systems, order that the greatest benefit the City may 
result. 

Sixth.—A separate collection should made the remainder the 
refuse the City not otherwise provided for,” which should 
filling Riker’s Island, elsewhere; and, for trans- 
portation this material, sufficient number self-propelled 
boats approved type should constructed and owned the 
City. should provided, however, that whenever the whole, 
any considerable portion, the street sweepings can dis- 
posed contract sale for fertilizing purposes, price 
greater the City than the value for filling, then such disposi- 
tion should undoubtedly made them. 

eareful reading the foregoing recommendations will reveal 
the one hand some excellent advice and the other some stipulations 
which had the effect committing the City particular process 
garbage destruction and the plan disposing garbage contract 
with private company. 

Some prominent reforms introduced Waring were: Improved 
methods administration; insistence that the laws and ordinances 
relating cleanliness and the streets enforced; and im- 
provements methods collecting and disposing the wastes. 
large part Waring’s success, the head the Street-Cleaning De- 
partment, was due his remarkable power instilling spirit 
industry among his men. has been well said that found the force 
sweepers and drivers laughing-stock and left them body hon- 
ored workmen. 

well known that, after reorganizing his working force, War- 
ing’s ambition was devise means for the economical, not profit- 
able, final disposition the City’s refuse. Waring’s time, the 
ashes, paper, garbage, and other refuse the city had been collected 
and carried mixed condition points along the water front where 
was picked over Italians, who had the privilege extracting 
bones, bottles, rags, metals, and other salable matter. This privilege 
was purchased from the City annually, and 1894 amounted 
$140 000. The residue left over after the picking was taken scows 
and dumped sea used fill low lands the neighborhood 
the City. 

Under Waring, the City wastes were separated, the custom 
to-day, into three classes before collection; notably, garbage, ashes and 
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paper. Experimental studies were made the value these differ- Mr. Soper. 


ent kinds refuse. Garbage was also collected from other cities, and 
the value its grease and other constituents carefully determined. 
According estimates, made the time these studies, the average 
quality garbage produced New York City was worth $2.47 per ton. 

practical plant for the separation the utilizable ingredients 
refuse, other than garbage, was erected and operated for many months. 
The sale the bottles, metals, rags, paper, and other useful materials, 
thus collected from 300 tons refuse, netted the City $3680. 
considerable amount useful steam-power was also generated the 
same time. 

lasting source regret that Waring’s term office was too 
short enable him complete the development plant whereby 
all the wastes the City could disposed profitably, 
least inoffensively. Just his investigations were pointing positive 
and permanent reforms his term ceased. 

the end Waring’s administration the efficiency the Depart- 
ment immediately fell. The Commissioners who followed seem not 
have been suited talents experience conduct the Depart- 
ment the plane efficiency which Waring had initiated. Negli- 
gence, extravagance—some have said, corrupt practices—crept into 
the affairs the Department. single illustration will suffice 
convey the speaker’s meaning. The following extract taken from 


page the Annual Report the Department Street Cleaning 
for 1900: 


September, the New York Sanitary Utilization Company com- 
plained that was not receiving all the garbage which was en- 
titled the terms its contract with the City, account faulty 
separation, and claimed that the scow-trimming contractor was culling 
bones and grease for sale which they, the New York Co., were 
entitled, and which the scow-trimming contractor, the terms 
his contract with the City, expressly denied any claim right. The 
matter was finally compromised the Department paying the scow- 
trimming contractor sixty cents per barrel for bones and one and three- 
quarters cents per pound for grease collected from the ashes, which 
was turned over the Sanitary Company. This arrangement resulted 
continual increase week week the quantity this material 
collected from the ashes and street sweepings, that for the last week 
December the Department’s payments the scow-trimming con- 
tractor amounted 127.41.” 


The charter Greater New York, which went into effect 1898, 
added much the responsibility the Street-Cleaning Commis- 
sioner, and complicated the unsolved problems his imperfectly de- 
veloped department. The plant the Department should have been 
increased and the organization properly expanded meet the require- 
ments the Greater City, but clear that such logical develop- 
ment was contemplated. 
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The unsatisfactory condition the streets New York City 
the beginning the present administration well known. Many 
the innovations and improvements introduced under Waring were 
discontinued and forgotten. Much the plant was out order 
and some out service. Two self-propelled barges 
were laid up, apparently for other reason than that they were too 
economical. Horses were out condition, overworked, poorly cared 
for. The dumps and docks were disgracefully insanitary condi- 
tion. The force laborers was demoralized. The streets were 
filthy. The rules the Department, and especially the City ordi- 
nances, were shamefully neglected. The policy entering into con- 
tracts with private parties had been extended. The method letting 
contracts was open severest criticism. contract for the dis- 
posal the garbage Manhattan had let exorbitant fig- 
ure because bids were not called for until too late secure profitable 
competition. 

Were not that commerce, convenience and health demand that 
the collection and disposal the City wastes carried 
efficient manner, the great cost the Department Street Cleaning 
would furnish sufficient reason why its work should well done. 

The City Budget for 1903 calls for expenditure nearly 
400 000 pay the running expenses the Department Street 
Cleaning. other Department the City Government, except the 
Departments Police and Education, spend much money. The 
annual cost the Department Street Cleaning exceeds the cost 
many other Departments combined. 


may profitable consider for moment the chief items ex- 


pense, shown the Annual Reports the Commissioners Street 
Cleaning: 

First: Sweeping.—By this meant the collection dirt, etc., 
from the pavement. This item, the year 1901, for Manhattan and 
the Bronx, amounted 402 056.82. 

Second: includes the hauling refuse material, 
such garbage, ashes, paper, and other like refuse. Carting, 
1901, Manhattan and the Bronx, amounted $990 577.71. 

Third: Final Disposition.—This means the reduction garbage 
contract, dumping ashes and other dry refuse fill land, and 
sea dumping. 1901, final disposition, for Manhattan and the 
Bronx, cost $733 602.01. 

Fourth: The Removal Snow and Ice from the Streets Heaviest 
item, 1901, said have been about $600 000. 

Fifth: cost $223 456.62, Man- 
hattan and the Bronx, 1901. 

Sixth: Rents and Contingencies.—For Manhattan and the Bronx, 
this item amounted $121 490.07 the year 1901. 
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The total sum represented the foregoing items 071 183.23. Mr. Soper. 
From the reports Mayor Grant’s Commission, and the Commis- 
sioner Street Cleaning for 1900, the expenses appear have 
increased out all proportion the quantities refuse removed. 
The figures are follows: 


Year. Appropriation. Loads Refuse. 


But the cost the Street-Cleaning Department, shown the 
official reports, does not represent the total cost the citizens for 
removing and disposing the City’s refuse. expense 
removal dead animals from the streets, the removal manure 
from stables, the removal market refuse, the removal cellar dirt, 
and the sprinkling streets. 

The largest extra for private carting. immense number 
property holders employ private scavengers. buildings, 
apartment houses, restaurants, manufacturing establishments, retail 
dry goods shops, and many residences are compelled remove their 
wastes their own expense. Recently, even the privilege the 
City dumps has been denied cartmen, and said that some 
cases refuse has had hauled several miles and carried across 
ferries for disposal. 

The total expense the extra scavenging work made necessary 
the inability the Street-Cleaning Department collect and dispose 
our municipal wastes satisfactory manner very large. 
1891 the sum paid for the private collection refuse was estimated 
between $150 000 and $175 000. now very much larger. The 
quantity refuse various kinds dumped City wharves private 
carts has been more than 30% the total quantity collected the 
Department Street Cleaning. addition, more than 100 tous 
swill per day are carried out town converted into soap, fed 
cattle and swine. 

reply request from the Board Aldermen, for specifica- 
tion draft the organization necessary handle the output 
refuse the large office buildings, stores and places business 
which now employ private scavengers, the Street-Cleaning Commis- 
sioner said, few days ago, that would require 500 additional 
horses, 500 carts, 500 drivers, hostlers, three stable foremen, three 
assistant stable foremen, nine stable clerks, twenty stablemen, proper 
stabling for the horses, and spaces for the carts, together with such 
equipments harness, blankets, buckets, etc., and proper water-front 
facilities for the handling this material. The total number carts 
and trucks now under the Commissioner, Manhattan and the Bronx, 
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744. making his request for 500 more carts, the Commissioner 
tacitly admitted that the work removing refuse New 
York now done means outside his Department and beyond his 
control. 

The private collection refuse objectionable, from every point 
view. leads insanitary practices, and item expense and 
annoyance from which the taxpayers the City should free. The 
cost private collection not equitably distributed, but often 
heaviest upon those who pay the largest taxes. But there use 
the evils and extravagances the present situation. 
the force, plant and organization the Department Street 
Cleaning were adequate the needs the City there would 
excuse for them. 

the foregoing remarks carry any clear idea, must that the 
work collecting and disposing the wastes the metropolis 
badly done. Such efficiency exists due largely the energy 
the present Commissioner and the effects the two notable epochs, 
the history the Department, which reference has been made. 
The first these epochs was the investigation, report and reorganiza- 
tion due Mayor Grant’s Commission. may added the 
investigation and the the Committee 
Advice appointed Mayor Gilroy. The second epoch was marked 
the tenure office Colonel Waring. 

the history the Department, few, any, important reforms 
developments have been made which were not the result seeking 
outside investigation and advice. not time that the disposition 
the City’s wastes again made the subject exhaustive 
inquiry? 

the present moment the City deplorably dirty. Business men 
and property holders are complaining that their refuse not re- 
moved, and immense sum money being spent for the collec- 
tion and removal wastes which, upon theoretical considerations, 
are valuable. The Street-Cleaning Department struggling under 
the disadvantages imcomplete and outgrown equipment. may 
seem like strong language, but not beyond the facts, say that 
the system cleaning the streets the metropolis, followed 
private corporation, would lead bankruptcy. 

The speaker intends unfriendly criticism Dr. Woodbury, our 
able Street-Cleaning Commissioner, stating that the length his 
term and the power his office are not sufficient enable him 
correct, single-handed, the mistakes the four years mal-adminis- 
tration which preceded him, and place the Department the efficient 
footing which the citizens havea right expect. meet the changed 
conditions due the recent phenomenal growth New York City, 


the Department needs developed, expanded and efficient 
was Waring’s time. 
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The speaker sees only one way which these ends may accom- 
plished, and that through the work Commission Investigation 
and Advice, such was appointed Mayor Grant. 

the speaker’s view, the most important specific problem press- 
ing for solution is: How shall the City’s wastes finally disposed 
of? This the keystone the great question the best means 
organizing and equipping the Department Street Cleaning. 

Second.—Another query is: well for the City enter into 
contracts with private individuals for horses and carts collect the 
refuse, for barges remove distance and for reduction works 
dispose it? 

Third.—One more question is: How can the ordinances relating 
the careless littering streets and the separation refuse 
enforced? 

Fourth.—Finally: what ways and what extent should the 
plant the Department increased 

Without desiring amplify this last interrogation 
presume possess the knowledge required answer it, the speaker 
would state that believed, those who have taken intelligent 
interest the Department, that more and better dumps are needed; 
more and better scows are needed; more and better carts and horses 
and stables and stations are needed; and refuse destructors garbage 
crematories, built accordance with the best known practices, are 
needed. addition, very possibly, street-sweeping machines and 
snow-melting machines are needed. 

should not open question whether mechanical devices 
cannot, some extent least, replace the hand labor which now 
the chief item expense cleaning the streets. 

The present moment propitious for investigation. The exist- 
ing administration pledged municipal reforms, and has executed 
planned several admirable lines improvement. The present 
Street-Cleaning Commissioner has demonstrated, year’s adminis- 
tration his office, that has the capacity, energy and determina- 
tion put force such measures relief and permanent improve- 
ment may placed within his reach. The work the Commission 
which the speaker suggests would greatly facilitate his efforts 
bring the plant and organization the Department high state 
efficiency. 

pleasure say that the plan appointing Commission 
has received Dr. Woodbury’s endorsement, and that Dr. Lederle, 
President the Board Health, has given his approval. 

Assoc. Am. Soc. E.—The Trenton garbage 
plant was source serious trouble during last summer (at time, 
general, when such plants give evidence any defects design 
management), and engineer was called upon investigate 
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and make report the City regard it. was asked, first, 
determine the nature and extent the trouble, and, secondly, 
make such recommendations might needed relieve the situa- 
tion. 

The details the great measure, devolved upon the 
speaker, and will describe briefly what occurred during his visit. 

The plant, which, unfortunately, was located the midst 
thickly settled district, consisted two Davis destructors connected 
with stack 120 ft. high. Each furnace consisted combustion 
chamber; drying chamber, below which was located evaporating 
pan; secondary fire grates; flue somewhat contracted area leading 
the chimney; and set screens intercept dust particles. 

The speaker spent the first day familiarizing himself with the 
construction and operation the plant, and getting under headway 
systematic record the various features which would lead solu- 
tion the trouble. These consisted record weights garbage 
consumed, coal burned, and ashes; the times delivery garbage, 
charging furnaces, firing, cleaning grates, operating dampers, and 
such other observations might throw light upon the causes the 
trouble. 

While these records were being kept the various employees 
the plant, other observations, aspecial nature, were carried under 
the speaker’s Thus, made several analyses 
the garbage, which this particular case was very important 
element, due the fact that was that known kitchen garbage, 
swill, and was free from ashes. that season the year, was 
practically saturated. These analyses were simple, and consisted 
merely assorting samples, about ton each, into various parts and 
weighing them. The garbage was found consist 84% animal and 
vegetable matter, 12% paper, rags, carpets, etc., and boxes, 
barrels and other rubbish; 80% the whole being water. 

Other observations were made determine the extent the 
trouble arising from the dust particles which, emanating from the 
stack, were causes much annoyance the residents the neigh- 
borhood, and alleged fires the immediate vicinity the cre- 
matory. 

The observations made during the daytime were simple nature, 
but served least give tangible idea the actual conditions. 
They consisted observing, various distances from the crematory, 
and the line smoke from the stack, the number particles pas- 
sing vertical plane ina given time. The distances selected were 
and mile, and the interval time minutes. The particles 
were from in. equivalent diameter, and course were plainly 
visible. 

order present this source trouble ina still different light, 
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other observations were made selecting places the open fields, 
various distances from the crematory, and counting the number 
particles deposited area sq. ft. During both the foregoing 
sets observations, which covered period about3 hours, the wind 
had been blowing steadily from the same quarter, that, considered 
asa whole, the record really had comparative value, notwithstanding 
its approximate nature. 

order get some idea the danger caused these dust 
particles regards the alleged fires the vicinity, observations were 
made upon the glowing embers emitted from the stack night. 
Thus, was observed that: 

First.—No embers were seen state actual flaming. 

Second.—Glowing embers were emitted principally times when 
the furnace doors were open for firing, raking cleaning. 

Third.—During these times was estimated that, average, 
100 sparks were emitted per minute. these, was estimated 
that 50% did not travel, glowing state, further than from 
the top the stack; not more than not more than 
ft.; not more than 100 ft. and occasional spark from 150 
200 ft. 

studying the question internal combustion the furnaces, 
other observations were made, supplement the general record kept 
the employees. These, however, were mostly superficial nature 
and hardly admitted any refinement, except, perhaps, determina- 
tion the temperature the flue gases, and even this was somewhat 
approximate. The speaker had suspected that the temperatures were 
very low, and first had tried 500° mercurial thermometers, but, after 
breaking two these, and not being able obtain pyrometer, 
resorted the somewhat crude method exposing the flues metals 
having different melting points. system elimination, these 
experiments indicated temperature between 800 and 900°, which 
was sufficiently close for the desired purpose. 

the end the week’s run, the foregoing records were tabulated 
and studied, and the following summary the results: 


RESULTS OPERATION GARBAGE CREMATORY TRENTON, FOR 
THE WEEK INcLUSIVE, 1902. 


Coal used auxiliary fires 3.0 
Garbage burned per ton 


Approximate average time burning each day....... 14.0 hours. 
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Mr. Horton. Equivalent number days 3.5 days. 

Equivalent garbage burned per square foot grate 

Equivalent amount garbage burned per cell 

sq. ft., per day hours 
Estimated total amount clinkers from garbage and 

coal grates 
Estimated amount ashes from below grates 
Estimated total amount ashes and clinkers 
Percentage ashes and clinkers garbage burned.. per cent. 
Range temperature flue gases stack 000° Fahr. 
Percentage moisture garbage 81.0 per cent. 
Corresponding water evaporated daily furnaces.... 25.5 tons. 
Quantity coal required per day evaporate this 


discussion all the questions involved the investigation 
this plant has been embodied the report the consulting engineer, 
and this has already been published elsewhere full, the speaker 
will give merely brief abstract the conclusions reached and the 
recommendations made the City, follows: 


the existing defects and the criticisms which 
has been necessary make, the Trenton furnaces belong the 
better class such plants our country, and the troubles and nui- 


sances with which you are now contending, are also more less com- 
mon elsewhere. 


collection well-constructed metal carts, such you 
have, and also the frequency your collections, are quite satisfactory. 
may suggested, however, that provisions for thorough cleaning 
the carts after dumping would still further improvement. 


obviate the nuisances dust escaping the stack, either 
from well-burned unburned garbage, necessary, after securing 
perfect combustion, introduce dust-settling chamber proper 
size between the furnaces and the stack, containing and properly 
placed inlets and outlets. The screens now the chimney, although 
useful safeguard against accidental emissions light but 


matter, are insufficient retain all the matter now escaping from 
the furnaces. 


reduce further the possibility unburned particles 
escaping through the stack, important place dampers the 
leading from each furnace, well the chimney, 
afford control the drafts all points where and when needed. 


garbage now delivered, when properly drained and care- 
fully burned well-designed furnace, readily combustible, and 
should not require the addition much coal now used; and 
some seasons, except start fires, and, otherwise, rare occasions, 
perhaps coal may required. 
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complete destruction the material during the hours the day when 
the crematory operated. Continuous firing for hours can relieve 
this sufficiently. this end would necessary store the mate- 


rial for part the day, and this could not objectionable any 
way. 


secure complete combustion the garbage, more econom- 
ically than present, the design the furnaces should somewhat 
altered. The horizontal grates are not the most suitable for the mate- 
rial, which must first dried, and then with difficulty pulled from 
one position another for burning. sloping grate for burning, and 
sloping floor for the drying chamber, from which the material can 
gradually and almost automatically moved from the feed-hole the 
hottest portion the fire, permit better utilization the heat, 
and reduce the difficulties stoking. 

These recommendations, supplemented systematic attention 
and skillful practice the part the Superintendent and his sub- 


ordinates, would enable them operate the crematory that nuisances 
from odors and dust would cease. 


public dumping places within the city limits important phase 
refuse disposal applied New York City. the Borough 
Brooklyn, for instance, there are deposited these places, not only 
ashes, but the dust and dirt gathered from public and private build- 
ings and conveyances, the soiled sawdust from wooden cuspidors, 
street sweepings, and much garbage and other refuse. Much this 
deposit subsequently blown about the streets the vicinity, and 
the Health Department has received many complaints the fright- 
ening horses, and other unpleasant experiences resulting from flying 
papers, from these dumps. 

The transportation such large, material suggests greater dis- 
tribution dust and dirt through the air these localities, and 
possibly, increased morbidity mortality due this condition. 
Figuring the average diphtherial Brooklyn, wards, from 
statistics the Health Department reports for 1895 and 1896, was 
observed that this death-rate was higher the vicinity the 
dumping grounds than other sections the city. The writer hesi- 
tates mention this more than coincidence, admitting that the 
relative number cases sickness would better basis for com- 
parison. Then, also, may said that these dumping places are 
generally located the poorer sections the city, scanty 
medical service would increase the number fatal cases these local- 
ities; but against this argument may placed municipal supervision, 
quarantine and the free distribution anti-toxine. 

should noted that diphtheria the seat infection the 
respiratory passages. The bacillus recognized its cause withstands 
prolonged drying, and may carried through air virulent con- 
dition. While not claimed that this specific disease transmitted 


6.—We find that the furnaces are not sufficient size effect Mr. Horton. 
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directly the dust blown about, from these deposits refuse, yet 
predisposition may result from constantly inhaling such impure 
air. 

Even the deposition such refuse not proved account- 
able directly for much the suffering these places, least main- 
tains unsanitary condition the very communities where the death- 
rate highest and the midst classes least capable avoiding 
infection curing disease. 
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TIDAL AND WAVE ACTION. 


Discussion.* 


Burstem Assoc. Am. Soc. (by Mr. Thomson. 
photographs mentioned the writer’s previous discus- 
are shown Plate XIII. Fig. was taken June 27th, 1902, 
when the first tier planks and some few the second tier had been 
set place. These show the irregularities the beach, well the 
dark patches marsh mud. Fig. was taken December 20th, 1902, 
shortly after the third tier, and some parts the fourth tier, had been 
placed. The improvement the slope and the disappearance the 
mud patches, well the general rise elevation, are indicated 
clearly these views. 

Beyond the region action the groynes the mud flats still exist. 
noted that the first four posts from the face the timber 


dam are not brought into use, the groynes commencing the fifth 
post. 


Continued from November, 1902, Proceedings. See August, 1902, Proceedings, for 


This part Mr. Thomson’s discussion was contributed subsequently him. 
Proceedings, Am. Soc. E., November, 1902, 810. 


| + 
No. 
iy 
vise 
Bo 
ine 
J 
: 


Vol. XXIX. JANUARY, No. 


AMERICAN SOCIETY CIVIL ENGINEERS. 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


VIRTUAL GRADES FOR FREIGHT TRAINS. 


Discussion.* 


and DENNIs. 


been considered more less nearly all the Western roads, the 
last few years, connection with improvements gradients. 

well known that the momentum train does assist climb- 
ing adverse grades, and the only objection that the writer has heard 
made engineers that, case train getting stalled the foot 
grade, would not possible start again with the maximum 
load; and for this reason some engineers advocate that reducing 
grades they should always reduced the new maximum, regard- 
less their length. this were done, however, the operating depart- 
ment would, doubt, find out short time what maximum load 
could operated over the reduced grades, and would undoubtedly 
use that load; that would seem advisable grade reductions 
take account the momentum. This, however, the writer would 
only advocate connection with the reduction grades exist- 
ing road. 

building new road would not exceed the maximum grade 
adopted any case, the principle momentum afterward applied 
would simply make the new road much the better, besides which, 
well-established road the stations have already been settled, and 
the stopping points for trains, stations, water tanks, etc., have bee 


from December, 1902, Proceedings. See November, 1902, Proceedings, 
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established, that the momentum can calculated with considerable Mr. Purdon. 


accuracy. road, all these points will come later, and 
momentum grades were established new road, the introduction 
water tank new station, some other reason, might destroy all 
calculations. 

The writer does not consider the author’s diagrams the most 
convenient for the purpose, and submits herewith two diagrams, Plate 
XIV, such uses. These take account the speed the 
train, but use the velocity head, which, course, interchangeable 
with the speed. These particular diagrams are calculated for train 
that can maintain speed miles per hour rising grade 0.5 
per cent. The accelerating grades start with velocity head 0.88, 
equal miles per hour, and, after stop station, the distance 
required gain this velocity taken the starting point the 
accelerating grade. 

The upper diagram shows the retarding grades, and stops 3.55, 
equal speed miles per hour, that taking any velocity 
head required the upper diagram the distance any adverse grade 
which would run train before the speed would fall miles 
per hour can beascertained. The diagrams are calculated substan- 
tially the same manner those Mr. Dennis,* but making the cal- 
culations the rating diagram the Southern Pacific Railroad was used, 
which gives varying train resistance account speed from 4.8 
lbs. per ton ten miles per hour 204 per ton miles per 
hour. noticed that this does not agree with Mr. Dennis’ paper, 
states that the train resistance nearly the same for speeds 
between and miles per hour. stations, course, the grade 
should somewhat lighter for short distance each side, 
enable train with maximum load start; and, ascertaining 
the momentum, should calculated the train stopped 
each station. 


Assoc. Inst. E.—In the year 1900 the 
speaker was engaged the Naval Yard Extension Works, Hong 
Kong, laying out yard for the manufacture concrete blocks. 
The concrete was machine-mixed one end the yard, run down 
grade trestles cars 18-in. gauge, and dumped into moulds, 
the empty cars being pushed back hand. loaded car weighed 
Ibs., the empty car 500 lbs. 

The speaker would like ask the author how would determine 
the grade down which the loaded cars could pushed with exactly 
the same expenditure power would requisite push the 
empty cars up; fine, the grade laid out that man could 
easily push empty car loaded car down. There must 
such grade. How can determined 


paper published News, November 22d, 1900. 
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Raymonp, Am. Soe. (by letter).—The writer 
supposes that the late Wellington, Am. E., was the 
first railroad engineer discuss all adequately the problem 
momentum velocity grades, and, for number years after the 
appearance his discussion, comparatively little attention was paid 
the subject; but, for the past five ten years, railroad engineers 
all over the country have been somewhat carefully studying and 
experimenting with such grades, and there have appeared print, 
the technical press and society proceedings, very considerable 
number discussions, both purely theoretical and the result 
extended experiments. 

But while engineers are figuring theoretically the gains 
secured the consideration momentum velocity grades, and 
while the western roads have, many instances, laid out such grades 
and operated them with apparent success and economy, are met 
the manager the busy eastern road with the statement that 
his road does not dare start out train the engine which 
loaded with greater than that with which can start 
state rest the steepest facto grade over which pass. 

The writer himself, from time time, has taken part discussions 
momentum grades, and has devised formulas for the lengths 
such grades for given locomotives and resistances, and has discussed 
some length the most economic speed freight trains and the 
principles which should govern the design ]ocomotives for opera- 
tion divisions varying characteristics; and while thoroughly 
believes that considerable economy may result from consideration 
momentum velocity grades, the cost original construction, 
the revision gradients existing roads, and the designs 
motive power and its operation; nevertheless, can well understand 
that busy road the cost single unexpected stop, due too 
close figuring the possibility momentum grades, may equal 
exceed the gain resulting from such considerations for considerable 
period time during which there such accidental stop. 

The writer believes that the subject one considerable im- 
portance because the possible economies involved, and thinks 
that fairly complete knowledge the practice this 
matter would very considerable value and interest, and, there- 
fore, suggests the advisability securing the opinions operat- 
ing managers this subject, and statement any experiences that 
such managers may have had the consideration momentum 
velocity grades. thinks that might wise invite formally 
such expressions from officers responsible for the operation both 
eastern and western railroads. These officers may include chiefs 
motive power, general superintendents, general managers and chief 
engineers, according the duties and responsibilities assigned 
these different officers the different roads. 
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Dennis, Am. Soc. (by letter).—The writer fully Mr. Dennis. 
agrees with the conclusions the first part Mr. Fulton’s discussion 
virtual grades, and was equally skeptical regard the approxi- 
mate constancy train resistance until convinced long series 
experiments. knows from experiment that train about 100 
tons, with 20% empties, picked speed from 29.5 miles per hour, 
with the locomotive shut off, running 2.5 miles grade. The 
writer suspects that long train all loads would exceed miles 
per hour grade with the locomotive shut off, provided the 
train had been running high speed, but lacks sufficient information 
regarding resistances such speed able state definitely. 
train all empties will lose speed coasting, even 0.4% grade, 
whatever the speed when starting coast. impracticable 
compare the resistance two trains without knowing the proportion 
tare weight, reducing all actual tonnage rating tonnage. 

The boiler momentum,” which Mr. Randolph refers, will prob- 
ably explain the difference between Mr. Fulton’s speed and distance 
diagram and that the writer. 

The writer’s locomotive tractive power curve for high speeds 
much above the capacity the locomotive produce indefinitely, but 
not above that produced temporarily making runs grades. The 
available stored energy roughly equivalent lbs. per ton train 

Mr. Fulton did not consider the extra temporary boiler power, 
but calculated his locomotive power strictly limited the steam- 
generating capacity, his diagram should show the same results, for 
any rate grade, the writer’s does for the next tenth higher. 
Comparing Mr. Fulton’s diagram with the next tenth higher corre- 
sponding grade the writer’s diagram very gratifying corre- 
spondence untila mile covered, low speed reached, where the two 
diagrams are practically the same, the boiler momentum has then 
ceased influence the writer’s diagram. before noted, after pass- 
ing the first mile, grade where the locomotive worked hard 
speed exceeding ten miles per hour, the grade line the writer’s 
diagram does not hold, but the true results are approximated fol- 
lowing from this point parallel the curve the next tenth lower 
grade rate. The boiler momentum, though not capable being cal- 
culated exactly, should considered, and has been rather under- 
valued the writer, trains require more speed and hold better 
when running for momentum grade than indicated the writer’s 
diagram, except for long hills, where the diagram falls short, 
noted. 

The problem momentum grades contains many personal, 
mechanical, and other variables, that approximate solution only 
possible. close approximation only necessary, trains are not 
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loaded ordinarily the last ton possible, because they cannot make 
the required time; little too much momentum grade introduced 
will not cause stalling, and not much was possible were used, 
some returns are obtained, for the extra construction expense, the 
running time saved. 

The custom, eastern railways, sticking assumed maxi- 
mum grade rate, regardless cost, stations speed possibilities, 
gives line higher first cost and generally lower operating 
value, because the high ruling grade stations. Momentum 
grades, based the assumption that the locomotive exerts the same 
tractive power all speeds, will lead serious error. Somewhere 
between these extremes the proper use momentum, where the 
greatest liberty taken with the grade rate make fit the ground, 
limited only the ability join with proper vertical curves and 
the capacity the locomotive plus momentum make the required 
speed. Engineers who look the percentage rate grade the 
end and object railway have mistaken the measure for the 
itself. grade should limited, not rate, but the 
locomotive power, and the momentum then made fit the ground. 
The mere rate grade irrelevant and often misleading. 
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Discussion.* 


Baron, Am. Soc. (by letter).—The writer mr. Baron. 


did not expect that the members the Canal Commission would 
swift approve any change route the canal that they had already 
located after such careful examinations, but recognizes fully the 
fact, illustrated clearly Mr. Noble, that the Isthmus country 
surprises, and felt that possibly surprise might store 
the south side the San Juan, survey should made there. 
Most those who have taken part the discussion have fallen into 
the error supposing that the writer advocated this route finality, 
whereas was careful state the paper that believed the facts 
warranted careful survey and examination, and that far 
felt warranted going. 

replying the discussion, the writer wishes first mention the 
map, Plate XXXVIII.+ Mr. Noble surmised, the foundation this 
map the one published the report the Nicaragua Canal Com- 
mission, which reproduction, with additions and corrections, 
the map published the Lull Report Commission’s 
map the writer has added the topography developed the special 
surveys and reconnoissances the Nicaragua Canal Commission and 


Continued from December, 1902, Proceedings. See October, 1902, Proceedings, for 
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respective reports, and, consequently, are There other 
topography the map; therefore, only visible the eye 
their correction due from Mr. Noble and his associates and 
engineers. 

The topography the mouth the Colorado from the survey 
Mr. West, Assistant, United States Coast Survey. The writer 
was very careful make use only actual surveys from official sources. 
relation this subject may stated that some the maps 
Nicaragua and Costa Rica show cut-off, from the Serapiqui River 
direct the sea, called the Sucio River. case this cut-off exists, 
the whole volume the Serapiqui, well that the Tiger and 
Negro Creeks, could probably turned through and discharged 
ten dozen miles southeast the canal, thus greatly simplifying 
matters. The writer did not allude this the paper, because the 
correctness the maps had not been confirmed actual survey, 
his knowledge; but emphasizes the desirability survey and 
examination the southern side the river. 

The writer admits that the crossing the Serapiqui one the 
most formidable engineering features line south the river, but 
does not believe beyond the pale engineering skill the 
present day, view the experience the Manchester Canal, and 
others. examined the river for some distance above its mouth, and 
found deep-flowing stream, between steep banks, with uni- 
form and moderate velocity, carrying dark-colored water, which 
shows that runs through drains large swamps, and entirely 
unlike the San Carlos, which very rapid and full sandbars. 
fact, the Serapiqui, the lower part its course, flows for long 
distance through swamps and alluvial plains, whereas the San Carlos 
issues almost directly from the mountains. The upper courses the 
two rivers are probably much alike. its ordinary stages the Sera- 
piqui not sand bearer the lower part its course, where 
joins the San Juan. This shown there being sand bank 
bar its mouth. The sand that carries its upper reaches all 
deposited before reaching the San Juan. 

The canal line would cross the Serapiqui within mile the 
mouth, and, placing movable needle-dam immediately below the 
crossing, the depth and velocity could regulated the time 
passage every vessel. Vessels would lock down each side, 
the case might be, which would governed the relative eleva- 
tion the water the canal and river. all events, the locks would 
low lift, not more than half the total rise the river, or, say, 
lift ft., and the canal would taken into the river, not the 
river into the canal. When ships were passing, the needles the 
dam would closed, forming slack-water pool smallextent. When 
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the ship had passed and the needles were opened the water would Mr. Baron. 
quickly return its former level, and the resuiting scour would pre- 
serve the depth the crossing, weirs spillways being necessary. 
The works required would two low-lift locks and one needle-dam, 
with their accompanying guard gates, drift fenders and guide wings, 
the total cost which might amount 000000, which would 
paid for years dredging Greytown Harbor, taking the 
estimate Mr. Noble; which dredging would almost entirely 
eliminated using the Colorado mouth. other words, ex- 
penditure 000 000 for crossing the Serapiqui, and locating the 
harbor the Colorado mouth and using the forces Nature scour 
out the harbor channel, there would effected saving from 
$100 000 $200 000, yearly, forever. 

The writer thinks that the charts are variance with General 
Hains, the Harbor Colorado. This matter fact, and not 
opinion. There are open harbors, and there are closed harbors. 
shown the paper, according the surveys the United States 
Coast Survey, harbor large extent now exists there for light-draft 
vessels. The writer has used it—crossing the bar vessel ft. 
draft. This harbor, previously stated, consists Agua Dulce La- 
goon, Simon Lagoon and the Colorado River, here about ft. 
wide. present, for want more water the bar, this closed 
harbor deep-draft vessels; but there reasonable doubt that 
can opened two jetties, has been done many similar 
places, and, possibly, single reversed jetty, the well-known 
plans invented member the Commission, and applied success- 
fully elsewhere. Once opened, the current the river, guided and 
controlled, will preserve open channel. Greytown Harbor will 
require two jetties, and will the Rio Indio, admitted the Canal 
Commission, and will any harbor this coast, Colorado excepted. 
The latter, possibly, can built with only one jetty, account the 
strong current and great volume the river; therefore the position 
Professor Haupt untenable, viz., that the Colorado presents less 
favorable condition than Greytown, the expenditure for jetties 
would about the same both cases. 

When making his studies and report Greytown Harbor, for the 
Canal Company, the writer was very much surprised find that the 
sand movement along the beach, northwest the Greytown bight, was 
southeast, directly into the bight. the southeast side the move- 
ment was the opposite direction, also into the bight. This was not 
temporary drift, but prevailed during the continuance the easterly 
winds. The writer’s headquarters and residence were the beach, 
that the movement was matter daily observation. account 
this sand movement the writer planned the harbor with two con- 
verging jetties, placing the easterly jetty 900 ft. east its present 
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position. was afterward moved west for some reason, when con- 
structed. 

The Isthmian Canal Commission its report admits* the possi- 
bility two jetties being required Greytown, and also Rio Indio, 
which would each long, not longer, than those required 
Colorado bar, and with the additional disadvantage that from 500 000 
000 000 cu. yds. sand would have dredged annually 
preserve channel Greytown, whereas, the Colorado, prob- 
able that, with the channel once established, dredging, least 
only nominal quantity, would required, for the reason that the 
former place the current weak and the outflow scanty, whereas 
the latter there normal discharge 000 cu. ft. per second, and 
times nearly double this quantity, and strong outflowing current 
preserve deep entrance, sufficient, even now, maintain 
depth ft. the gorge, shown the Coast Survey chart 
before referred to. 

problem canal harbor the eastern end, then, seems 
resolve itself this: harbor can built Greytown, the loca- 
tion selected the Commission, which small bight the coast 
line, into which annually being poured from 500 000 000 000 cu. 
yds. sand, estimated Messrs. Noble, Haupt and the late Pro- 
fessor Mitchell. movement this locality has been going 
for long geological ages. This shown unmistakably the 
remarkable series lagoons, some half dozen number, which have 
formed back Greytown regular intervals, beginning with Silico 
Lagoon and ending with Greytown Lagoon. The last 
hards and Greytown—have been formed the present historic age, 
the latter being completed 1865, and the former about 200 years 
before, according tradition the locality, which, for confirmation, 
points the remains the old caraval belonging that redoubtable 
pirate Shepbard, who, the days the freebooters, made this lagoon 
his rendezvous, and from whom was named. Here retired after 
his forays, and, the last occasion. storm the outlet and the 
vessel was never escape. There remains this day, grim 
and silent warning what might happen the year grace 2100, 
case our dredges should break down the groynes fail stop the 
course Nature. 

admitted that harbor can built the place selected 
Greytown; but, wise select point where six harbors have pre- 
viously been built and filled up? Nothing impossible these days 
can probably kept open years building groynes and 
constant dredging, but the groynes must extended every few years, 
and the dredging must never stop. 


Report the Isthmian Canal Commission, 141. 
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The open book Nature shows conclusively that here the lagoon- Mr. Baron. 


building process still going on, and sand being brought from 
the north and the south. Year after year the sand that will dredged 
from the harbor will accumulate around it; the foreshore will keep 
increasing and building out, until last the advancing mole, 
was the case with the last harbor, pushes its irresistible way across 
the floor the ocean and closes the harbor, and another lagoon is. 
formed, has been formed six times before. The delta here has been 
for ages and still actively building out into When Grey- 
town Lagoon was formed, this sand mole, advancing from the south- 
east the coast, crossed the harbor ft. water, and 
years completely shut the once fine port. building harbor 
the same spot are inviting the same disaster. 

the other hand, have the mouth the Colorado River, 
mighty stream, ft. depth, rolling seaward between banks 000 
ft. apart, and yearly growing larger account the gradual 
diminution volume the Greytown branch, the Lower San Juan. 
Once inside the bar, here isa harbor capable accommodating many 
vessels, stated the paper. not harbor, General 
Hains claims, then the Mississippi River from Port Eads New 
Orleans not harbor. True, the sea breaks the bar, 
Hains observed; but what bar does not break when has 
long reach deep blue water behind it. The writer. sitting his 
offize the beach Greytown, has seen the spray thrown ft. 
high, day after day, from the breakers the site the Commission’s 
proposed harbor. Breakers any place certainly not present 
very stable equilibrium man boat; but the fact their exist- 
ence being taken militate against condition stable equilibrium 
the coastal plain, General Hains, facetiously, perhaps, infers, 
certainly new postulate hydrography. 

Professor Haupt concludes, from his studies Greytown Harbor, 
that problem restoring quite practicable and com- 
paratively The datum which this opinion based 
appears the fact that quantity sand, estimated himself 
cu. yds., and the late Professor Mitchell 730 000 
cu. yds., and which Mr. Noble says may anywhere from 500 (60 
000 000 cu. yds., annually deposited the bight where pro- 
posed form the harbor; that the advance the sand mole the 
coast was the rate 291 ft. per annum, and that from 
years, only, would required fill close it. Moreover, 
characterizes this movement the constancy the pre- 
vailing forces rather unusual recommendations for 
harbor site. 

true that Professor Mitchell (about 1869) reported that the 
harbor could restored. that time there existed good, deep 
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basin, fully ft. deep, and more some places; now, the basin will 
not average ft. deep, and not more than half the area was then. 
that time the harbor was worth experimenting with; now, not. 
not claimed that cannot restored now, but submitted 
that would unwise expend any money when there exist 
other locations free from the deteriorating influences that prevail 
fully protected groynes pumped out dredges. 

The Isthmian Canal Commission, its report (page 162), states 

that sand movement along the coast seems the maxi- 
mum Greytown.” would interesting know what line 
point possessing all these disadvantages, and apparent advantage, 
except that its opinion has working harbor.” 
The writer forced agree fully with the Commission the latter 
view, considering the amount sand estimates must removed 
yearly. 
The region included between the Colorado and Greytown delta, 
and known that deltas are invariably progressive, but, Pro- 
fessor Haupt very wisely concludes, the movement cyclic char- 
acter portions this delta, and this accounts for the erosion 
present the vicinity the mouth the Rio Tamo; Mr. Noble 
observes, the action now going being straightening the shore 

Professor Haupt quotes the writer saying that conditions 
the mouth the Colorado present nearly stable equilibrium,” 
and that whole littoral, from the highlands the mouth the 
Colorado the present canal mouth, condition constant 
and considers these statements contradictory. The 
writer fails see any contradiction therein, states plainly 
that the accretions commence the Colorado, where they are zero, 
and extend Greytown, where they are known and admitted 
immense. 

Now, word littoral currents: These currents, shown 
navigation charts, are apt misleading the engineer, and their 
value him, part the problem harbor bar improvement, 
depends upon their distance from shore. Where there exists strong 
littoral current, mile two off shore, running acertain direction, 
there almost sure surf race the opposite direction, 
the case the Florida east coast,* the coast Honduras and 
other places, which have come under the writer’s personal observation. 
This the case here. These contrary currents are the nature 
eddy, and partially restore the equilibrium the water. This 
accounts, also, for the current running the face the trade winds, 
which puzzles Mr. Noble. The writer has often observed this flat, 
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sandy coasts. only this way that the equilibrium the sea Mr. Baron. 


can restored. Wherever the sand comes from, certain that 
Greytown continually traveling northwest into the bight the 
coast line. This movement was reported the English engineers, 
Passamore and Climie, who made survey Greytown Harbor for the 
Nicaraguan Government 1874, and whose report was published 
Spanish that Government. This survey was made devise plan 
for restoring the Harbor Greytown, and they advocate deepen- 
ing and jettying the mouth the lower San Juan River, cutting off the 
flow from the Harbor Greytown, which was entered from the 
river tide-lock, they arguing that the increased volume and 
velocity the outflowing current would form breakwater 
(rompolas agua), which would arrest this sand drift and thus pre- 
serve open entrance for the harbor the westward. Just how 
this would accomplished was not made clear. 

regard the alignment south the San Juan, Mr. Noble con- 
siders that not likely that would materially better than 
that now obtained the left bank,’’ and states that ‘‘the divide 
about miles Just what meant the not 
quite clear, but immaterial. The important matter the width 
the intervale river bottoms, and this known wider the 
south side. 

known that Colonel Childs supposed that the high hill the 
south side the San Juan and east the mouth the Serapiqui was 
from the Costa Rican Mountains, and based his project 
canalization the San Juan River this supposition. 

Later reconnoissances proved this isolated hill, with 
large and unknown extent swamp behind it, thus making impos- 
sible canalize the San Juan means high dam this point, 
proposed Colonel Childs. Still later, was hoped, during the 
several surveys made the Nicaragua Canal Company, and the 
United States, that spurs suitable for this purpose could found 
opposite San Francisco Island Tamborcito and other places, and 
various examinations were made the south side for the purpose 
discovering such spurs; but all proved futile. These various surveys 
have demonstrated that the river bottoms the south side extend 
many miles south the river, being dotted with only occasional 
isolated hills, whereas the north side, first stated, the mountain 
spurs the Cordilleras come abruptly down the river numerous 
places, and have cut through any line that side. These 
facts support the contention that the south side very 
much better alignment can found than exists the north side, and 
the engineer justified being more sanguine finding captivat- 
ing when all the facts demonstrate that the ground for them 
exists. The experience large ships the curves the Suez Canal 
shows conclusively the importance these ‘‘captivating tangents,” 
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even the expense more costly works the crossing the 
Serapiqui. writer repeats, enough known the topography 
the south side justify the belief that the alignment can bettered 
nearly 75% that side; and, while the line, laid down the 
writer’s map, may very likely have shifted places, the surveys 
already made show that material change need expected looked 
for, this line laid down accordance with known and accurately 
delineated topography. 

The comparison made General Hains between the anchor chains 
light-ship and the net chains enclosing the rock-filled dam not 
appropriate. The anchor chains ship are continually motion, 
being dragged about the ocean floor while the ship tugging and 
straining her anchor, whereas the chains enveloping the rock-filled 
dam will lie almost quiescent, being held firmly place the rough 
rocks composing the dam itself, and, turn, holding those rocks. 
Where the ship’s chain continually grinding the sand between 
each link and thus always abrading every wearing surface, the net 
chains will lie quietly the dam, covered the rough stones, and 
only exposed the abrading action such sand brought against 
exposed points, and will occur anyone that this chain 
net can carried clear across the dam, during the process con- 
struction, every 10, ft. height, desired, and connected 
split links, and down and right and left, form reality 
number nets all connected together, that should worn 
away one place will held another few feet distant, 
perfectly protected the enclosed and superincumbent rock. This 
also answers the next question how loose stone will held 
the down-stream slope during great flood. other words, there 
will not single net bag, but series nets, one above the 
other, and all linked together. Neither will necessary, will 
occur any practical engineer, draw the chain against the 
stream, but can drawn down with the current, and thus spread 
over the rock. 

The rusting iron steel under water the course ages is, 
course, admitted, but fresh water this comparatively slow 
process. If, for this reason, engineers are deterred from using 
it, three-fourths the engineering constructions the present day, 
such steel caissons for bridges, piers, etc., must condemned. 
little reflection will show that when these cables are rusted out, new 
chain net can very easily spread over the dam, which, that time, 
however, will have become consolidated and stable, except possibly 
the crest. 

The Conchuda Dam masonry, and General Hains says 
this perfectly safe and practicable.” This said truth- 
fully any masonry construction earthquake country. 
General Hains says, somewhat sarcastically, ‘‘a the 
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only dam known that improved earthquakes,” and quotes the Mr. Baron. 
writer saying that earthquake would only serve consolidate 
and fill the voids.” The writer repeats that this his opinion, 
but does not claim credit for its originality. This feature 
rock-fill dam Ochoa was advanced favorable one the consult- 
ing engineers who reported several years ago. trust the fate 
the canal dam, anywhere the Isthmus, would, the 
writer’s opinion, taking chances that prudent engineer would 
care take they could possibly avoided. The comparison 
the wearing effect sand the bends centrifugal pump, having 
velocity ft. per second closed tube, with that 
river current having velocity 4to ft. per second seems rather 
far fetched. Such terrible abrasion General Hains fears would wear 
away the crest his masonry spillways short time. The amount 
sand abrasion wrought-iron rod set smooth ledge close 
sand beach, salt water, the mouth tidal river where the tide- 
rip, heavily charged with sand, swept over the ledge with velocity 
ft. per second, was the rate in. twenty years, 
safely placed in. twenty-five years. 

Asa matter fact, because rock-fill dam built Ochoa, does 
not follow that must built weir. The writer believes, 
stated the paper, that dam constructed proposed would per- 
fectly safe weir, but not obligatory build asa weir. The 
dam can built there, Conchudo, above the highest floods, and 
all the discharge the river taken over the San Carlos spillways. 

The location rock-fill dam Ochoa has been favorably passed 
upon two Boards Consulting Engineers, and, with some modi- 
fications, accepted the United States Canal Board, the first con- 
sisting the Canal Company’s engineers, Commander 
Civil Engineer, United States Navy, Chief Engineer; Lieutenant (now 
Commander) Peary, Civil Engineer, United States Navy, Sub- 
Chief Engineer; the late Davis, Assistant Engineer, and the 
writer, that time Principal Assistant Engineer. that time more 
than eight months had been spent studying the conditions the 
ground. 

The second Board consisted well-known engineers, high stand- 
ing, not connected with the Canal Company. this Board, the late 
Wellington, Am. Soc. E., was Chairman. 

The fact that rock foundation not known exist the San 
Carlos Ridge, only emphasizes the writer’s contention that the south 
side the river should carefully examined and the line surveyed 
before construction commenced, order compare properly the 
relative merits the two plans, which was the only object the 
paper; the facts, the writer believes and stated, warranting sur- 
vey route the south side. 
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MEMOIRS DECEASED MEMBERS. 


will reproduced the Volumes Transactions. Any informa- 
tion which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final Publication. 


HENRY LAWRENCE CLEVERDON, Assoc. Am. E.* 


27th, 1902. 


Henry Lawrence Cleverdon, known the members his family 
and his most intimate friends was born Washington, 
C., April 6th, the age fifteen his parents returned 
their former home, Chagrin Falls, Ohio, miles southeast Cleve- 
land, and here completed his common school education, and was 
graduated from the high school 1888. 

Being naturally energetic boy, with extremely practical turn 
mind, and having decided early life’s work, utilized his 
vacations, while still the high school, best could advance 
himself his chosen profession. During the summer 1887 worked 
Chainman for Mr. Brown, Cleveland surveyor, and from 
April, 1888, until September, 1889, Rodman the Lake Shore and 
Michigan Southern Railway. While engaged the latter work 
came realize the importance and value better education, and 
resigned enter the University Michigan student the Engi- 
neering Department. 

College work was always hard work with him—the means 
end—and, although mastered his various studies with credit 
himself, chafed under too much confinement and longed for active 
outdoor life. 

From July, 1890, January, 1891, served Instrumentman 
and Resident Engineer the construction the Akron and Chicago 
Junction Railway (Ohio), now the Baltimore and Ohio Railway, and 
returned college soon the work was finished. During the 
construction the Wilkes Barre and Eastern Railway, through the 
mountains Eastern Pennsylvania, Mr. Cleverdon was employed 
Locating Resident Engineer, from the beginning the completion 
the work, and some the most difficult construction was under his 
direct charge. expected return college and graduated 
with his class—the class one job after another came and 
was completed such rapid succession that there seemed 
time for anything else, and last gave all thoughts trying 
return. 

served Rodman topographical surveys for the Short Line 


Memoir prepared George Fenkell, Assoc. Am. Soc. 
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Improvement Company (Pennsylvania) from January June, 1894, 
and from August, 1894, until April, 1895, was Resident Engineer, 
charge construction six miles the Fort Plain and Richfield 
Springs Railway (New York); but when the latter road was nearly ready 
for the track work was suspended, and Mr. Cleverdon, together with 
the other members the engineering corps, was defrauded out 
several months’ salary, incident that made him much wiser, some- 
what poorer. That was not afraid hard work, shown his 
serving first laborer and then Foreman and Superintendent for 
water-works contractor Fort Plain, New York, during the 
summer 1895. During the autumn and winter 1895-6 was 
employed engineer street railways and suburban electric lines 
and near Cleveland, Ohio, and was Engineer charge the con- 
struction three miles brick-paved highway for the County 
Cuyahoga, Ohio. 

From September, 1896, October, 1897, Mr. Cleverdon was Resi- 
dent Engineer charge construction six miles the Lorain and 
Cleveland Electric Railway, one the first electric roads the Middle 
States constructed accordance with the best steam-road prac- 
tice. June, 1898, was Locating Engineer for the Rapid Railroad, 
proposed line from Detroit the St. Clair Flats, Michigan; and 
from August November, 1898, Assistant Engineer the Chicago 
and West Michigan Railroad, principally charge masonry con- 
struction. 

began work Resident Engineer the Cleveland and Eastern 
Railroad January, 1899, but resigned March, 1899, and April 
began work Division Engineer charge construction the 
Copper Range Railroad, Northern Michigan. This work was finished 
June, 1900, and once accepted the position Chief Engineer 
the St. Johns and St. Louis Electric Railroad, Michigan, under the 
direction the Arnold Power Station Company, Chicago, 
and remained there until the road was completed, February, 1902. 

For the next three months was Resident Engineer the Cleve- 
land Water-Works Tunnel, and resigned this position become 
Deputy County Surveyor Cuyahoga County, Ohio, charge all 
bridges that county. 

Glenville, Ohio, and they once began housekeeping their new 
home, the shore Lake Erie, about miles west Cleveland. 
then seemed his happiness was complete—a home, loving wife, 
and position were appreciated all the more fifteen 
years the most active kind work. 

the morning August 23d, 1902, boarded car going 
Cleveland and requested the conductor let him off farm road 
crossing about two miles farther east, enable him inspect county 
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bridge located near the car line. For some reason not known, the car 
passed the cross-road and finally came stop wooden trestle 
ft. high, trestle that Mr. Cleverdon had constructed 1897 while 
Engineer charge the construction this road—the Lorain and 
Cleveland. When the car stopped swung off the trestle and 
began walk away from the rear end thecar. started, but 
supposed had resumed its journey and gave further atten- 
tion. Asa matter fact, the car was backing up, and the first warning 
had the impending danger was when struck him. partly 
jumped and was partly knocked from the trestle, struck cross-timber 
his descent and then dropped the ground. When picked 
few moments later, semi-conscious condition, both limbs were 
found broken between the knees and hips. 

was taken St. John’s Hospital the same car that struck him, 
operation performed, his wife and family summoned and every- 
thing possible done allay his sufferings and improve his condition. 
did not seem rally, however, and August 27th, 1902, ten 
weeks after his wedding day, passed away. The funeral was held 
the next day his old home, Chagrin Falls, Ohio. 

Mr. Cleverdon was noble-hearted man, true his friends and 
beloved them return. Always active and energetic, had 
wide circle friends, scattered from one end the country the 
other, who mourn his untimely death. 

survived his wife, his parents, one sister and four 
brothers. 

Mr. Cleverdon was elected Associate Member the American 
Society Civil Engineers March 1899. 
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This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


SOCIETY AFFAIRS. 


Minutes Meetings: PAGE 
the Society, February 4th and 18th, 
the Board Direction, January and February 
Report full the Annual Meeting, January and 22d, 
Announcements: 
Hours during which the Society House 
Accessions the Library: 


MINUTES 


THE SOCIETY. 


FIFTIETH ANNUAL MEETING.* 


January 21st, 1903.—The meeting was called order 10.45 
M., Vice-President Charles Schneider the chair; Charles 
Warren Hunt, Secretary. 

The reading the minutes the meeting January 7th, 1903, 
was dispensed with. 

Messrs. Stoddart and Pollock were appointed tellers 
canvass the Ballot for Officers for the ensuing year. 

The Annual Report the Board and the Annual 
Reports the and the Treasurer} for the year ending 


full report the Fiftieth Annual Meeting printed pages this 
number Proceedings. 

The Annual Reports the Board Direction, the Secretary and the Treasurer 
may found pages the Proceedings for January, 1903 (vol. xxix). 
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December 31st, 1902, were presented, and, motion, duly seconded, 
accepted. 

The Progress the Special Committee Uniform Tests 
Cement* was presented George Webster, Am. Soc. E., 
Chairman that Committee. 

11.20 the chair was taken President Robert Moore. 

motion, duly seconded, the report was received and ordered 
printed Proceedings, and the Committee continued. 

motion, duly seconded, the Committee was thanked for its 
labor and report. 

progress report from the Special Rail Sections 
was presented Bouscaren, Am. Soc. E., Chairman 
that Committee. 

motion, duly seconded, the Committee was continued. 

The following were appointed members the Nominating Com- 
mittee for two years: 


TILESON...... Representing District No. 


The Secretary reported that the Board Direction had awarded 
the prizes for the year ending with the month July, 1902, 
follows: 


The Norman Medal Paper No. 911, entitled, Experiments 
Detroit, Mich., the Effect Curvature upon the Flow Water 
Pipes,” Gardner Williams, Am. Soc. E.; Clarence 
Hubbell, Assoc. Am. Soc. E., and George Fenkell, Jun. Am. 

The Thomas Fitch Rowland Prize Paper No. 910, entitled, 
Description Coos Bay, Oregon, and the Improvement Its 

The consideration the following proposed the 
Constitution was then taken up: 

Amend Article the Constitution follows: 

Section first line, after the words ‘‘Society as” strike out the 


second line, after the word ‘‘to” strike out the words grade 
of. ” 


Section Art. ITI, will then read, application for admission 
the Society Corporate Member, for transfer from any other 


This report printed Proceedings for January, 1908. 
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grade Corporate Membership shall embody,” the rest the section 
standing now. 

Section third line, after the word strike out the 
words ‘‘in any grade,” and after the word transfer” strike out the 
words one grade another”; twelfth line, for the word 
substitute the word The section will then read 
follows: 

stated periods, determined the Board Direction, 
there shall issued each member any grade whose address 
known, list all new applications received for membership for 
transfer, which list shall dated and shall contain concise state- 
ment the record each applicant and the names the references 
the case Corporate Member, and endorsers the case Asso- 
ciate, Junior Fellow, with request that members transmit the 
Board any information their possession which may affect the dispo- 
sition the applications. Not less than twenty days after the issue 
such list, the Direction shall consider these applications 
together with any information regard the applicants that may 
have been received; may make further inquiries, deemed expedient; 
shall classify the applicant with his consent, and applications for 
Corporate Membership may direct ballot.” 


This amendment was proposed Messrs. Prout, 
Williams, Alf. Boller, Geo. Wisner and Geo. Swain, and was 
sent all Corporate Members October 2d, 1902. 

The amendment was discussed, but was not amended. 

resolution,* relative the death Abram Hewitt, was offered 
George Morison, Past-President, Am. Soc. E., seconded 
Robert Hunt, Am. Soc. E., and carried unanimously. 

Ockerson, Am. Soc. E., offered the following resolu- 
tion: 


Resolved, That the sense this meeting that the American 
Society Civil Engineers should co-operate with the officers the 
Louisiana Purchase Exposition Company, the inauguration 
International Congress Engineering, held St. Louis, dur- 
ing the Exposition period 1904, and further 

Resolved, That the Board Direction be, and is, hereby, authorized 
and requested take such steps may necessary carry out 
the provisions the foregoing resolution. 


The resolution, being duly seconded, was carried. 


The Secretary presented the report} the tellers appointed 
canvass the Ballot for Officers for the ensuing year. 


The President announced the election the following officers: 
President, serve one year: 
ALFRED New York City. 


Vice-Presidents, serve two years: 
Los Angeles, Cal. 


See page 70. 
page 72. 
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Treasurer, serve one year: 
Knap, New York City. 


Directors, serve three years: 
District No. CRAVEN, Yonkers, 
District No. Davison, Pittsburg, Pa. 
District No. Lewis, Nashville, Tenn. 
District No. Nashville, 
District No. Cheyenne, Wyo. 


Mr. Morison and Mr. Croes conducted Mr. Noble, the President- 
elect, the chair. 

The Secretary read letter from Robert Moore, Past-President, 
Am. E., the effect that, pursuance the resolution passed 
the last Annual Convention oak tree had been planted Mt. 
Vernon memorial the visit the Society May, 1902; and that 
this work had been executed Messrs. Gifford Pinchot and George 
Sudworth, the Bureau Forestry, and Harrison Dodge, Su- 
perintendent the Mt. Vernon Estate. 

was moved, duly seconded and carried that the Secretary 
instructed this meeting extend the thanks the Society the 
gentlemen named for executing this commission. 


Adjourned. 


February 4th, 1903.—The meeting was called order 
President Noble the chair; Chas. Warren Hunt, Secretary; and 
present, also, 100 members and guests. 

The minutes the meeting January 7th, 1903, were approved 
printed Proceedings for January, 1903. The approval the min- 
utes the Annual Meeting was deferred until they are printed 
the Proceedings for February, 1903. 

informal discussion The Preservation Materials Con- 
was opened William Barclay Parsons, Am. Soc. E., 
who exhibited perfectly preserved specimens wood taken from the 
excavation for the Metropolitan Underground Railway Paris the 
site the ancient Porte founded during the reign 
Charles 1364-1380. also showed section wooden water 
pipe, taken from the excavation for the New York Rapid Transit Sub- 
way Center Street, which had been the ground about 100 years, 
and yet was perfectly preserved. The Secretary presented letter 
from Mr. James Forgie, Chief Assistant Engineer the City and 
South London Deep Underground Railways, transmitting and de- 
scribing piece iron about 200 years old, the form masonry 
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cramp bonding iron, which trace rusting could seen. 
The iron had been found, 1899, embedded the sandstone masonry 
pier the crypt St. Mary Woolnoth Church, London, where 
the foundations railroad depot were being made. The letter was 
accompanied photograph the crypt, showing the place where 
the iron was found. Rudolph Miller, Assoc. Am. Soc. E., 
described the condition the metal large building modern 
construction, New York City, which now being taken down, and 
illustrated his remarks with lantern slides. 

The subject was discussed further Messrs. George Hill, 
Kenley, George Just, Edward North, Oscar Lowinson and Henry 
Seaman. 


Ballots for membership were canvassed, and the following candi- 
dates were elected: 


MEMBERS. 


Harry SHERMAN Akron, Ala. 
JAMES Nashville, Tenn. 
Little Rock, Ark. 
Chicago, 

CHARLES WINSLOW SHERMAN, Boston, Mass. 
Henry New York City. 


MEMBERS. 


Marcus Banpy, Greensboro, 
Epwarp Henry Austin, Tex. 
Sam Steelton, Pa. 

Per Pittsburg, Pa. 

Harris Haven Connick, San Francisco, Cal. 
Epwarp Day, St. Louis, Mo. 

Howe, Houston, Tex. 

ALBERT McKay, Newport, 
Epwin Calcutta, India. 
JAMES VINCENT Eagle Grove, Iowa. 

New York City. 
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The Secretary announced the election the following candidates 


the Board Direction February 3d, 1903: 


ASSOCIATES. 
Caspar New York City. 
Orro New York City. 
Montreal, Que., Canada. 


JUNIORS. 


Joun New York City. 
Jay Steelton, Pa. 
Joun Falls City, Neb. 
Pencoyd, Pa. 
FREDERICK Bridgeport, Pa. 
ALBERT Alamogordo, Mex. 
Henry Steelton, Pa. 
Epson Tucson, Ariz. 
Travis Jr., Fulshear, Tex. 
CHARLES UNDERHILL New York City. 
New York City. 
Ezra New York City. 
LEE Jr., West Orange, 
HERMANN Fort Worth, Tex. 
The Secretary announced the death the following members: 
Watson elected Member September 5th, 1883; 
died January 12th, 1903. 
Estevan Antonio elected Member February 17th, 1869; 
died January 16th, 1903. 
ELNATHAN SWEET, elected Member November 6th, 1878; died Jan- 
uary 27th, 1903. 


Adjourned. 


February 18th, 1903.—The meeting was called order 8.50 
M., President Noble the chair; Chas. Warren Hunt, Secretary; 
and present, also, 121 members and guests. 

paper entitled, The Canal,” George Morison, 
Past-President, Am. Soc. E., was presented the author, and 
jllustrated with lantern slides. 

written communication the subject, Meigs, Am. Soc. 
E., was presented the Secretary. 

The subject was discussed orally Messrs. Theodore Paschke, 
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Burr, Harrison, Boyd Ehle, Crane, Bunau-Varilla 
and the autkor. 
The Secretary announced the death Jr., 


elected Junior May 31st, 1898; Associate Member, April 2d, 1902; died 
December 19th, 1902. 


Adjourned. 


THE BOARD DIRECTION. 
(Abstract. 


January 21st, 1903.—2.30 m.—President Noble the Chair; 
Chas. Warren Hunt, Secretary; and present, also, Messrs. Buck, 
Craven, Davison, Jackson, Knap, Moore, Osgood, Pegram, Schneider, 
Swain and Wilgus. 

Committee Finance, Library Committee, Committee 
Publications, and Committee Membership, were appointed. 

letter-ballot was ordered for the election Secretary for the 
ensuing year. 


Adjourned. 


February 3d, 1903.—8.40 Noble the Chair; Chas. 
Warren Hunt, Secretary; and present, also, Messrs. Craven, Croes, 
Endicott, Knap, Kuichling, Osgood, Swain and Wilgus. 

The ballot for Secretary was canvassed, tellers appointed for the 
purpose, and Chas. Warren Hunt was declared elected. 

The resolution, passed the Annual Meeting, co- 
operation with the officers the Louisiana Purchase Exposition Com- 
pany, the matter proposed International Congress Engineer- 
ing, held St. Louis during the Exposition 1904, was referred 
Special Committee the Board. 

The resignations Horace See, Am. Soc. E., and 
Walton, Am. E., were accepted. 

Committee the Board was appointed take the matter 
proposed revision the rules for the award the Collingwood 
Prize for Juniors. 

Applications were considered, and other routine business trans- 
acted. 

Three candidates for Associate and seventeen for Junior were 
elected.* 


Adjourned. 


See page 40. 
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REPORT FULL THE FIFTIETH ANNUAL MEETING, 
JANUARY and 22d, 1903. 


Meeting callea January 21st, 1903.—The meeting was called order 
toorder. 10:45 Vice-President Schneider the chair; Charles 
Warren Hunt, Secretary. 

minutes the meeting January 7th, 1903, 
will printed the January number Proceedings, and come 
due course for action the meeting February 4th. view this 
fact. the reading those minutes will dispensed with, there are 
objections. 

The time has arrived now for canvassing the votes for officers, and 
appointed. will appoint Messrs. Stoddard and Pollock tellers. 
The ballot will closed, accordance with the Constitution, 
twelve o’clock noon. Any member present who has not voted may 
vote, that time. order finish the count the ballot 

time, the tellers may proceed once with the count. 

The next business the reading the report the Board 


Direction for 1902. 
The Secretary read,the report the Board Direction.* 
have heard the report the Board Direc- 
What action will you take 

move that the report received and placed file. 

Seconded and carried. 

THe report the Secretary the Board 
Direction. 

The Secretary read his report.+ 

have heard the Secretary’s report. What 
action will you take reference 

was moved and seconded that the report received and placed 
file. 

Carried. 

report the Treasurer. 

The Treasurer read his 

what action will you take with refer- 
ence the Treasurer’s there are objections, will 
received and placed file. 

The report the Special Committee Uniform Tests Cement, 

Reports 


Special Mr. Geo. Webster, Chairman. 
Report read Mr. 
(At 11.20 the chair was taken the President, Mr. Robert 
Moore.) 
have heard the report, and now open 
for discussion for such action the meeting sees fit take. 


+See Proceedings, Vol. xxix, (January, 1908). 
See Proceedings, Vol. xxix, (January, 1903). 
See Proceedings for January, 


Past-President, Am. Soc. E.—I move that the 


report received and printed the Proceedings, and the Committee 
continued. 


Seconded and carried. 

Am. Soc. E.—I move that the Committee 
thanked for their labor and their report. 

Seconded and 

next thing order the report from the 
Committee Rail Sections; Mr. Bouscaren, Chairman. believe 
has progress report. 

The report was read Mr. Bouscaren follows: 


Special Committee Rail Sections would report that has 
made progress its labors; has been and correspondence with 
the Chief Engineers many the railroads the United States and 
Canada; and that the reports received from them show greater propor- 
tionate wear the heavier than the lighter sectioned rails. 

would also report that the steel rail manufacturers the 
United States have appointed committee act consultation with 
your committee, and that one joint session has been held. Your com- 
mittee asks continued.” 

Chairman.” 


THE —You have heard the report, gentlemen, and also 
the request the Committee that they continued. What action 
will you take 

Mr. move that the request granted. 

Seconded and carried. 

THE next order business action upon the 
nominations for the seven geographical districts for members the 
next Nominating Committee. will hear the nomina- 
tions which have been made the members those districts. 

report from District No. follows: 


District No. 1.—Total number votes received, 98; distributed 
follows: 


Ineligible. 


Nominating 
Committee. 
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The following have received one vote each: 


THE Secretary.—The members the Nominating Committee are 
elected this meeting, and this merely suggestion the 
meeting. 

Tue Chair awaits suggestions that matter, 
the pleasure the Society. 

Knap, Treasurer, Am. Soc. E.—I move that the 
course adopted, and that elect the man who receives the largest 
number votes, who, think, this case, Mr. Tillson. 

Seconded. 

moved and seconded that Mr. Tillson the 
choice the meeting for this district. 

Carried. 

District No. the report follows: 


District No. 2.—Total number votes received, 42; distributed 
follows: 


The following have received one vote each: 
METCALF, 


elected the Nominating Committee. 
Seconded and carried. 
Tue Secretary.—The District No. report follows: 


District No. 3.—Total number votes received, 66; distributed 
follows: 
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The following have received one vote each: 
ALDEN,* 


FIsHER, ELNATHAN SWEET, 


JOHN KENNEDY, 


there any motion? 


Mr. move that Mr. Edward Bond, having 


received the highest number votes the ballots, declared 
elected. 


Seconded and 
ballot from District No. follows: 


District No. 4.—Total number votes received, 107; distributed 
follows: 


The following have received one vote each: 
Harvey Linton, 
Carp, 


Maxson, 
MANSFIELD MERRIMAN, 


WEBSTER. 


Khuen has the largest number votes. 


moved and seconded that his election made unanimous. 
Carried. 


District No. 5.—Total number votes received, 79; distributed 
follows: 


ALVORD..... 
CHARLES GREENE 


Ineligible. 


2 
| 


Nominating 
Committee 
(Continued). 


votes. 


REPORT THE ANNUAL MEETING. 


[Society 


The following have received one vote each: 


Warp 

Boynton, 
Camp, 

CLARENCE COLEMAN, 
JAMES 


CHARLES 

SHANKLAND, 
STROBEL, 
Jos TUTHILL, 

WHEELER, 
GEORGE WISNER. 


motion, duly seconded, Mr. Chapin was elected mem- 


ber the Nominating Committee. 


No. 


District No. 6.—Total number votes received, 46; distributed 


follows: 


ATKINSON 
ARTHUR 

Harrop 

Bent 


wp ppp ww dct 


The following have received one vote each: 


JAMES ALLEN, 
Cat, 

Carson, 
CRAIGHILL, 
Ben. 
Epwarp 


WENTWORTH, 


Carried. 
No. 


John Atkinson has the largest number 


there any motion? not, those who are favor the 
election John Atkinson will say aye. 


Ineligible. 
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District No. 7.—Total number votes received, 44; distributed 
follows: 


The following have received one vote each: 


Burns, Joun Isaacs, 


Henny has the largest number votes. 
Those who are favor making him member the Nominating 
Committee signify saying aye. 

Carried. 


concludes that order business. The next award 
the report from the Board Direction the award the medal 


and prizes for the year ending with July, 1902. 
that the Norman Medal and the Thomas Fitch Rowland Prize have 


been awarded the Board, accordance with the recommendations 
the following report: 


The undersigned respectfully recommend that awards the 
Normal Medal and Thomas Fitch Rowland Prize for the year ending 
with the Transactions for July, 1902, made follows: 

The Norman Medal Paper No. 911, Experiments Detroit, Michi- 
gan, the Effect Curvature upon the Flow Water Pipes,” 
Gardner Williams, Am. E.; Clarence Hubbell, Assoc. 
Am. Soc. E., and George Fenkell, Jun. Am. 

The Thomas Fitch Rowland Prize Paper No. 910, Description 
Coos Bay, Oregon, and the Improvement Its Entrance the 


Ineligible. 
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There being papers contributed exclusively Juniors, 


recommendation the award the Collingwood Prize for Juniors 
can made. 


Respectfully submitted, 
BERNARD GREEN, 


THE simply for information, and requires 
action. The next order business the proposed amendment 
the Constitution, which the Secretary will read. 

amendment the Constitution has now 
gone through all the forms, and this meeting has the power amend 
goes the Society the form which present. 

Amend Article III the Constitution follows: 


Section first line, after the words Society as” strike out the 


second line, after the word ‘‘to” strike out the words grade 


Section Art. will then read, application for admission 
the Society Corporate Member, for transfer from any other 


grade Corporate Membership shall embody,” the rest the section 
standing now. 


Section third line, after the word strike out the 
words any grade,” and after the word ‘‘transfer strike out the 
words ‘‘from one grade twelfth line, for the word 


substitute the word The section will then read 
follows: 


stated periods, determined the Board Direction, 
there shall issued each member any grade whose address 
known, list all new applications received for membership for 
transfer, which list shall dated and shall contain concise state- 
ment the record each applicant and the names the references 
the case Corporate Member, and endorsers case Asso- 
ciate, Junior Fellow, with request that members transmit the 
Board any information their possession which may affect the dispo- 
sition the applications. Not less than twenty days after the issue 
such list, the Board Direction shall consider these applications, 
together with any information regard the applicants 
have been received; may make further inquiries, deemed expedient; 
shall classify the applicant with his consent, and applications for 
Corporate Membership may direct ballot.” 


matter open for discussion, gentlemen. 

ment substitute for the amendment just read. 
The Secretary read the amendment offered, follows: 
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Proposed Amendment the Constitution. 


Amend ticle III the Constitution follows: 


Strike out the first seven sections Article III, and substitute the 
following: 


Election membership all grades shall the Board 
Direction, subject the procedure: 

Honorary Members shall proposed least ten members, 
and shall elected only unanimous vote the Board Direc- 
tion. Past-President, member the Board Direction pro- 
posed for Honorary Membership, shall not required vote either 
for against his own admission. 

person elected Honorary Member shall promptly notified 
thereof letter. The election shall canceled acceptance 
not received within six months after the mailing such notice. 

Members, Associate Members, Associates, Juniors and Fellows, 
shall elected letter-ballot the Board Direction, and such 
ballot three negative votes shall exclude. 

applicant for admission the Society Member Asso- 
ciate Member, from any other grade either grade 
Corporate Membership, shall embody concise statement, with dates, 
the candidate’s professional training and experience, and shall 
Direction. shall signed the applicant, and shall contain 
promise conform the requirements membership, elected. 
The applicant shall furnish the names least five Corporate 
Members whom personally known. these shall 
requested the Secretary address letter the Board Direc- 
tion, form prescribed said Board, stating the extent the 
writer’s personal knowledge the applicant and his professional 
work. least five the Corporate Members named references 
not furnish the requisite endorsement, the Secretary shall call 
upon the applicant for additional names, and not until written com- 
munications shall have been received from least five Corporate 
Members shall the application considered the Board. 

Applications engineers not resident North America, and who 
may situated not personally known five Corporate 
Members, may endorsed tive Members the Board Direction, 
after having secured evidence sufficient, their opinion, show 
that the applicant worthy admission. 

application for admission Associate, Junior, Fellow, 
shall embody statement the applicant’s qualifications for the grade 
membership for which admission sought. The application shall 
signed the applicant, and endorsed least three Corporate 
Members who shall certify that they personally know the applicant, 
and believe him all respects proper person admitted 
the Society, and that they recommend him for admission. 

stated periods, determined the Board Direction, 
there shall issued each member any grade whose address 
known, list all applications received, which list shall dated and 
shall contain concise statement the record each applicant and 
the names his references the case Corporate Member, and 
endorsers the case Associate, Junior Fellow, with request 
that members transmit the Board any information their posses- 
sion which may affect the disposition the applications. The names 
applicants for admission Member Associate Member shall 
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alphabetically arranged applicants for Corporate Membership, 
without specification which these sought. Not less 
than twenty days after the issue such list, the Board Direction 
shall consider these applications, together with any information 
regard the applicants that may have been received, and may then 
proceed letter-ballot. The Society shall notitied all elections. 

respectively. 

Am. Soc. E.—I second the amendment. 

amendment has been offered and seconded, 
and now open for discussion action the meeting. 

the intention taking the vote the amend- 
ment Constitution, the amendment the amendment, 
to-day? 

amendment this proposed amendment 
pending. 

requires letter-ballot the whole Society; 


action this meeting merely the form which the amendment 


shall sent out. 

that the adoption this amendment the original amendment would 
the defeat the original amendment. This question the elec- 
tion members the Board Direction has been thoroughly con- 
sidered the past two three years. There was committee, you 
recollect, appointed, andthat committee reported, and was defeated, 
remember, the Society. 

Now, seems that the amendment proposed to-day good 
one, that is, that the classification shall made the Board 
Direction; but the amendment this amendment not, 
opinion, good one. not believe that the Board Direction 
should have the entire charge the affairs the Society. believe 
that, far the election members the Society concerned, the 
Society the best judge. true that every now and then pink 
ballot comes out. They look very pink and they make impression, 
but the committee appointed forget the exact number, but 
think was something like thirty-two pink ballots four five 
years. that the present method electing members 
pretty good method and pretty safe method. all have 
chance, those who are interested, scan carefully the blue lists 
they come out, and afterward the ballots, and can use our own 
judgment; and pretty good, democratic way doing things. 

think would mistake adopt this amendment the 
amendment proposed. 

Am. Soc. E.—Mr. President, the Chairman 
the committee which originally produced the amendment which 
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has been circulated among you, may well for say two 
three words. The intention the work our committee was simply 
put the classification the hands the Board Direction, as. 
Professor Ricketts has pointed out. Thatis all wished do. 
held that the Board Direction had that power already, under the 
Constitution, but did not seem quite clear that that was the case, 
and, therefore, the amendment which proposed was designed 
make that clear; that was not only within the power the Board 
Direction classify candidates, but that was their duty. That 
what our amendment was aimed accomplish. 

The amendment that amendment which brought forward now 
accomplishes that purpose, and goes further, and puts the election 
the hands the Board Direction. far that goes, not 
agree with Professor Ricketts. For many years have held very 
stoutly the position that has taken, namely, that the election should 
the great body the Society, but within the last two three 
years feeling has changed, have come believe that would 
better for the Society the election members were the hands 
the Directors. should imagine that would increase the sense 
responsibility every person who was directly interested the 
election; that say, each member the Board Direction would 
feel that the responsibility was upon him doing precisely the right 
thing. could not soothe his conscience knowing that there 
another body come after him, confirm reject his action, and 
surely the Board Direction can know more precisely the fitness 
unfitness the candidate than can the great body the members. 

extremely difficult, know, get large body precise 
information very quickly, and especially negative information; but 
that need not so. The Board Direction can organize its machin- 
ery such way get more precise information, will say, 
appointing some committees among its own members cover different 
territories, and take pains get information about candidates; and 
own feeling now quite strong that the Society would get better 
results having the election put the hands the Board 
Direction. 

Foster Am. Soc. E.—Mr. Chairman, would also 
support the amendment the amendment. The matter has been 
before the Society quite frequently, one the previous speakers 
has mentioned, and seems that this presentation evi- 
dence profound reflection upon the discussions that have gone 
before. 

Having had the opportunity support the general idea the 
policy the election members the Board, the past, have 
had feelings confirmed that that the most practical, exact and 
proper method selecting the proper material. not inten- 


4 
q 
as 
7 
| 
7 
7 
| 
J 
| Ths! 
J 
egy 
e 
k 
’ 
rs 
a 
s 
| 
‘ 


_ 


Discussion 
Amendment 
the 
Constitution 
(Continued). 


REPORT THE ANNUAL MEETING. [Society 


tion into details this time, but point out that, with the 
present arrangement, when the pink ballot sent out, there always 
strong effort, the part the friends the candidate, secure 
favorable action, upon the mere statement their belief that the can- 
didate worthy. That has the effect making the pink ballot entirely 
ineffectual, and there other reason that can see—if you admit 
that the pink ballot is, that extent, valueless—for keeping the 
election members the hands the members the Society, 
present. 

the other hand, the opportunity which the Board has 
arriving accurate estimate the candidate’s character and 
abilities very much greater that seems there choice 
the matter, and hope that the amendment will pass 

Mr. Chairman, Mr. Crowell has stated one view 
the question. The other view this: That great many members 
the Society will not write give their opinions the candidates 
the Board Direction, partly because they would unable, perhaps, 
prove definitely their opinions the man, and, secondly, because 
they are afraid that members the Board Direction would give 
the candidates information which had been presented the Board 
Direction. 

Now, gentlemen, that thing occurs. Within knowledge, there 
has been, within the last two years, man presented for membership 
this Society who was unfit for the position. was first sent out 
the Board Direction voted upon, and was blackballed. 
was then sent out again pink ballot, and was defeated. was 
not fit member the Society. would have been elected, the 
election had been the hands the Board. They sent out twice, 
and the members would not receive him. 

Now, that the other side that question. know, 
own knowledge, that members the Board have given informa- 
tion candidates for membership this Society—information which 
they had right give. Now, that the other side this ques- 
tion. mean cast any reflections the Board Direction 
this Society, whole. have been member the Board, and 
proud it, and not believe there are any better men any 
profession who could collected together than the members the 
Board Direction this Society; but not believe they give 
often sufficient consideration, Board, the question; and 
not believe that man California, pink ballot sent 
him, will give very much more consideration than does 
present. think perfectly safe proposition leave 
that matter the hands the members the Society whole. 
(Applause. 

Mr. Chairman, have been member the 
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Society for nineteen years, and have just completed 
Director. During term the Board, when Professor Ricketts 
was there, nearly always had the pleasure being the same side 
with him, and sorry see that, having left the Board, does 
not continue the right side the question. 

informed that twelve o’clock, and this 
the hour which the ballot closed and counted the tellers. 

Mr. speaker’s objection seems largely due 
the fact that the Board Direction is.a fallible body, and that, 
some extent, the door ajar, and now and then information will get 
out. Well, that may true; don’t know but what has gotten 
out. only say that, regard the general practice, everything 
that goes the Board remains there and never gets beyond. may 
that there are individual instances where that has occurred; that 
will happen anywhere, and when can get enough sense together 
make Board Direction that infallible and all-wise, then the 
Professor’s idea probably will reached regard what Board 
ought but long cannot get any further than select 
from among the body the American Society Civil Engineers the 
best men that are found it, and make them the Board Direction, 
have got put with whatever difficulties may arise from the 
fact that they are not absolutely perfect. 

Now, get the regular question: are not discussing some- 
thing that proposed the American Society Civil Engineers 
policy the Society and new way electing its membership, 
and being democratic not being democratic—get away from that 
idea democracy which seems popular with some, and with 
all us, hope—but the only thing have got find out how 
democratic are. There body, the description this 
Society, which asks the general membership elect its members. 

This Society probably six times larger than was when came 
into it, and the difficulty that time was that the members were 
unable vote intelligently, and that few would get together, and, 
from prejudice, for some other reason, shut out man who was abso- 
lutely worthy. spite everything, the Society has grown, that 
to-day, not bea member the Society, rejected the Society, 
seven unknown voters out two thousand, who may may not 
acting right, stigma; and the reason why people are rejected, very 
often, not that they are unworthy, but simply because there are 
certain people who not like them; and the more man known, 
while there are more people who like him, matter how many may 
like him, they not make any difference there are seven who 
not like him, however unworthy their motives, however worthy, 
you will, the other two thousand may be, their approval value 
whatever. 
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would not get now. 

Mr. would not have the least chance. One 
the things that would like call attention to, this amendment, 
that letter-ballot the whole Board, and that three votes 
against any member reject. Now, that lets out all this thing about, 
the Board Directors had the voice when this unworthy person 
was turned down the pink ballot, would have got in.” does 
not follow. There might have been three men that Board who had 
sense enough turn down man asking come in. That not 
asking too much from this fallible Board which not perfect. 
may get three just men there. Who can tell? 

What can more ridiculous, Mr. Chairman, and Gentlemen, than 
stand here and say that democratic method that have 
now, and that ought kept spite the fact that the 
experience every other body, and our own experience, proves that 
wrong. Who votes and has voice favor anybody? No, you 
can the Board Direction with your troubles, you have 
them, regard candidates, and the Board will carefully consider 
whether your troubles are real not. You can your six bosom 
friends and say you not like somebody, and rejected; and the 
Society stands helplessly and sees him shut out. You can send 
out your pink ballots, and what you get? You get ten fifteen 
people who vote against every pink ballot, and then you great 
body voting the pink ballot when they don’t vote the white 
ballot, and they don’t vote the pink ballot unless special effort 
made bring out the vote. 

when the discussion was had, about ten years ago, 
this pink ballot. was supposed that whena wrong was done, every- 
body would eager right it. has come that not one- 
tenth the members vote now for anyone; and the pink ballots don’t 
have anything with it. They say: don’t know.” The 
result that unless efforts are made bring out the votes, less than 
10% the body votes, and 10% that rejects. So, after all, with 
the pink ballot, unless you make effort, matter rejection. 

This thing mistrusting your Board, and have that mistrust 
expressed man who himself has been member the Board, and 
knows the absolute slavery the membership being member 
the Committee Admissions—I never saw anything like it, gentle- 
men. have never seen anything like the way which the letters are 
weighed, and the evidence taken against anybody. Unless there 
the strongest appearance injustice, and unfairness, and want 
truth, the objections that are raised against man, the policy 
that Committee Admissions—and have seen that Committee 
changed through three years—its policy always give the Society 
the benefit the doubt against man. other words, the Society 
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will keep every one out who cannot prove his title clear, far the 
Board Direction concerned. How with the outside parties? 
The people who waste two cents white ballot that does not 
contain blackball are simply and most them know it. 

Now, take any body: Does the Institution Civil Engineers elect 
its members through the general body? any the large clubs 
it? any the small clubs, even, it, without making trouble 
for themselves? 

The only way you can consider man justly, view the rights 
that every engineer professionally qualified has membership the 
Society, whether like him not, worthy otherwise, that 
can protected the Board Direction, and cannot protected 
putting into the power any seven—sellers material, who, 
get order, any old thing all does for excuse keep man 
out, long they don’t have stand behind it, and say seven 
will answer. say the opposite democracy; the oppor- 
tunity for unfairness, and the opportunity for sneakery. (Ap- 

Mr. Green.—Mr. President, may ask how the Board Direction 
determines its action the sending out either the white the 
pink ballot. Isn’t done majority the majority 
action the Board? How many votes the Board are 
prevent the sending out pink ballot, what the action? 

depends upon the number members present 
meeting. 

Mr. Green.—And the majority those? 

Tue majority those. might say that the dif- 
ference, you will allow minute, the difference between the 
action the Board under this proposed amendment, understand 
it, and the present action the Board, the case applicants for 
membership, that the action taken meeting now where five 
members constitute quorum, and majority; whereas, under the 
amendment, this letter-ballot the whole body, under- 
stand the amendment. 

Mr. Green.—I asking how the Board now decides ballots; 
think done majority the Board. 

those present. 

Mr. majority those present. Then would say 
Professor Ricketts that might very likely that the Board, send- 
ing out either the white the pink ballot, may have voted unani- 
mously it, and that minority, least sufficient minority 
that Board, which, under the proposed amendment the amend- 
ment, say, three votes, had existed, that white ballot would not have 
gone out the first place, and probably the pink ballot would. 
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The point make that, under the proposed amendment the 
amendment, small number negative votes the Board will defeat 
any candidate. That not possible now. number votes, 
under this proposition, would defeat any candidate, would not? 

sir. 

Mr. would minority the Board, seven mem- 
bers were present. Iwas member the Committee, last year, which 
reported against the proposed amendment this kind. was the 
one minority member. would, perhaps, interesting for the 
Society know that that Committee never held personal meeting. 
There was but one other member upon the Committee with whom 
was personally acquainted. The way came make the report 
was through very little correspondence, and did feel that some 
colleagues might not have had the opportunity familiarize 
themselves with this question, they would have had had got 
together and talked over. 

believe that this proposed amendment most excellent thing, 
general principles. Both Mr. Proutand the proposer the amend- 
ment have stated views the thing very fairly. not very 
important question, far the expense concerned, but seems 
that the Board Direction has practically and entirely the 
whole thing its own hands now, and when the majority that Board 
decides send out letter-ballot, let out, and the members 
the Society vote with what little light they have, which very 
little, usually; and when they decide send out the pink 
the same way; they have come the best conclusion they can, the 
majority, and then they have throw the whole thing over the 
Society acted upon with but very little knowledge, and very few 
that would simplify matters very much, and much the advan- 
tage the Society the Board should attend the whole matter. 
would feel the responsibility more keenly. can act upon the 


‘nominations for membership most intelligently, and will not 


obliged throw anything upon the Society when unable conclude 
the matter Board meeting unanimously. 

Am. E.—Mr. Chairman, there has been 
one criticism made which, experience, not well founded. 
know that, own experience, obtaining admission the Society, 
opposition was met which never dared show its head, and that oppo- 
sition was kept themembership. wassimply 
personal prejudice, and was finally overcome. have had other mem- 
bers the Society request vote against members for admission, 
for reasons which very sure those men would not put paper, 
and sign with their own names and submit the Board Direction; 
that say, for purely personal reasons way connected either 
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with the personal fitness the candidate member the Society, 
with his professional qualifications. 

The Board Direction will occupy the position jury, and 
will waive all good reasons against the promotion the admission 
acandidate. They are best fitted perform that function, because 
membership this Society not and should not gauged the 
man’s personal acceptability the various members the Society, 
but his professional qualifications, and his personal cleanliness. 
This not social club, where those who are are determine 
upon the availability those who are come in, according their 
personal acceptability, but Society, has been stated, where 
the only qualifications are personal cleanliness and professional stand- 
ing, and for that reason the personal element ought eliminated 
far possible. 

This proposed amendment nothing more than the logical devel- 
opment the method admitting members the Society, which 
has been matter slow growth, year year, modified from time 
time, order meet the conditions they arise. has now 
reached the point where should the belief every thinking 
member the Society that the change absolute necessity order 
secure the best work the Society for itself. 

regard the action the Board the application candi- 
dates, know, own knowledge, that the Board does give con- 
sideration the voice the members. know case where 
applicant whose name was sent out the blue list never got any fur- 
ther. What the action the Board was, don’t know. know 
that wrote out what thought that candidate, signing name 
it, and sent the Board, and know that the name did not 
out the voters. Whether that was backed anybody else 
not, know. objection that man was simply his pro- 
fessional qualifications. 

12.15 Past-President James Croes took the chair. 

President, Am. Soc. E.—Mr. Chairman, can- 
not let matter this importance pass without having another 
proposition which has been made, this regard, brought least 
the attention the meeting. The matter itself one the very 
greatest importance. The method selecting our membership 
certainly one that cannot exceeded importance any subject 
that can brought before this body. 

The present method, while, the main, has worked satisfacto- 
rily, has not worked satisfactorily all cases. There have 
been, undoubtedly, malicious and unjustifiable exclusions from the 
Society. have not the experience that many those who have served 
practically upon the Committee Admissions have had, but know 
that this the fact. Now, the remedy for that, which suggested 
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this amendment the amendment, revolutionize completely 
the former plan, and throw the whole matter into the power the 
Board Direction. 

Now, there another suggestion which, think, was made this 
meeting year ago, which, far know, was first brought before 
meeting the local members the American Society Civil Engi- 
neers St. Louis, which was solve the difficulty, not throwing 
the election into the Board Direction, but increasing the number 
negative votes required. Now, membership large ours, 
think may admitted that seven votes, which but fraction 
the total number Corporate Members, too small number, 
and that needs remedied some way, and the suggestion 
that time—and think suggestion which has been canvassed 
the Board Direction—was that the number increased approx- 
imately the total number Corporate Members, which, the 
present time, would twenty twenty-one. 

Now, think great many members, perhaps not well informed 
some others, would prefer method that kind one which 
entirely revolutionary the one which has been suggested Mr. 
O’Rourke’s amendment, and think that this plan ought brought 
the attention this meeting. This matter was considered 
Committee the Board Direction, believe not approved the 
Board Direction, but report was made which substantially em- 
bodies that idea, and, personally, seems that would 
probably the best action take the present time. seems 
that would probably cure nine-tenths, not the whole, the 
malicious blackballing, which now complained of, and which 
sought remedied, and so, would, think, safer remedy, 
and one which would greatly relieve the Board Direction the 
responsibility, which they certainly are not anxious take, bear- 
ing the whole burden the election members the Society. 

The gist this proposed other plan contained this clause: 

the Board Direction. They shall mailed each Corporate 
Member whose address known, and shall state the date which 
the ballot canvassed, and which shall not less than twenty 


days after the issue the ballot. Twenty more negative votes 
shall exclude from election.” 


that twenty were made the Corporate Members, the 
time being, the time the last list membership, think that 
would long way toward curing the trouble which now sought 
remedied. 

Mr. Chairman, relation Mr. Moore has 
just read, the report that committee was made the Board 
Direction, and the reasons given the committee were much the 
same those given now Mr. Moore for making that report. 
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was not that they considered the best action, but they considered 
the action that would most likely meet the difficulty, and 
the same time meet with the approval the general body and this 
meeting. other words, they believed that what amendment 
the amendment embodies was the best. was passed upon the 
Board, and approved the Board substitute for this action 
their own committee, and, Iam longer member the Board, 
was thought that would perfect good taste having pre- 
sented me, not being the action the Board, but was their 
belief that was the proper thing do. 

Mr. Moore, himself, states that not the best thing do, this 
election members uninformed body, absolutely im- 
possible inform that body the qualifications anybody, and 
right was considered something; but they had this belief, which 
not believe, even though this meeting votes against this amend- 
ment. 

belief that the Society wants what right, even when 
radical, and the right thing what every other Society 
does, elect your members body which qualified it, the 
knowledge which brought them, and the knowledge which 
they themselves possess, and that why this suggestion cannot 
considered for, course, cannot consider amendment 
amendment, because you have either accept reject that amend- 
ment the original amendment proposed offered, and you 
don’t want anything radical, and rather prefer something 
which half right and partly radical, why you 
that way. (Applause.) 

Am. Soc. E.—It seems that the gentle- 
man who has proposed the amendment the amendment has come 
near proving too much. rather protests that the Board Direc- 
tion ought trusted. Why doesn’t protest that the Society 
ought trusted? Why can’t you trust the Society well trust. 
the Board Direction? 

believe you can, but the objection urged that there are some 
bad members the Society. How did they get there? They went 
the Board Direction, they got there all. 

Now, there way doing this thing right. There way 
handling it, far can see, which the action will satis- 
factory. you entrust the Board Direction, the work will not 
efficiently done. Men will who ought not by. you 
entrust the Society, men will rejected who ought not 
rejected. There escape from those propositions, seems me. 

Not many years ago, talking upon this particular matter, 
talked with member the Society who had been the Board 
Direction, the Chairman the Board Direction—a man high 


4 
3 
} 
1 
q 
4 4, 
4 
: 


Discussion 
Amendment 
the 
Constitution 


REPORT THE ANNUAL MEETING. [Society 


esteem the Society—and his criticism was that was undesirable 
that the matter should thrown into the Board Direction; that, 
his experience, the action the Board Direction times had 
been such that was unwise put the whole matter into its hands. 
certainly true that cases, suggested, had gone by, had gone 
through the Direction, that ought not to. Certainly, 
members have been first rejected, and have been again rejected, 
when they ought not have been rejected. 

then, substantially, meet the proposition, what shall do? 
Shall take the chance shutting out good man, shall take 
the chance letting bad man? believe that want resist 
the chance taking the bad man. believe that mistake, 
the whole, take the affair out the hands the members. 

perfectly true, one the previous speakers has stated, 
that other members, may entirely satisfied, but may 
absolutely impossible for prove, that undesirable mem- 
ber, and yet our instincts are clear and right, upon the best 
motives, upon the best qualifications for membership, that the ballots 
ought cast against the candidate. 

said that seven bad members may cause the rejection ofa 
good candidate. Why can’t five members, who are the only members 
who know applicant—five bad members—why can’t they put the 
man into the Society? Where does the Board Direction get its 
information, except from those five men? 

There are good many sides it, believe, and want hesitate 
before take the power from the hands the individual members, 
who, locally, are able oftentimes have facts, which are the proper 
thing the basis admission—some the people, locally, may 
have facts that not really come the Board Direction. The 
Board Direction has good deal do; they are busy men; they are 
not able always get the facts definitely. (Applause.) 

Mr. O’Rourke, matter information, how the Board Direction 
gets information and knowledge candidates for this Society, and 
gets information which definite enough, and positive enough, 
settle this question whether man shall admitted not? 

Now, cannot see, from the debate, far has gone, any plan, 
and ask Mr. O’Rourke, having been member, what the modus 
operandi present, any, which taken find out the qualifications 
candidate when asks admitted this Society? 

Mr. Chairman, the modus operandi, speak, 
send out blue list, notifying the whole body the Society the 
application the person for membership, and requesting confidential 
information. That done to-day. That information goes the 
Committee Admissions, and have known cases where four men, and 
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often more, were turned down the Committee Admissions 

single meeting, due the evidence that was received unworthi- 
ness the applicant; and, further, information received against 

anybody which does not bear the stamp truth it, the Committee 

Admissions, though they are busy men, further into the matter. 

The name put back, and put back, and put back, until they are fully 

satisfied. They take cognizance the right the good man come 

in, well the right the Society exclude the bad, and that 

something that cannot done the body large, and that some- 
thing that does not to-day. does not vote; does not consider. 

Only those who have anything say against anybody—and their 
saying merely black mark—those are the ones who really com- 
municate anything the election, and, further, Mr. Chairman, that 

considered afterward the Board. 

Now, the discussion, the point seems missed that, while 
to-day majority those present, voting favor thing, will 
carry, though they may not majority the whole Board, this 
amendment provides that all the information—of course, that 
the Board itself, give information the members—the Board 
whole will have vote every name that brought up, and three 
members the Board will sufficient exclude, voting the 
negative. 

Mr. was quite aware the blue list and the manner 
sending out, but what want get is, there anything the 
Board Direction, aside from what Mr. O’Rourke has just stated, 
that would enable the Board decide this question any more 
accurately justly than being decided this, seems me, 
too loose way have now. there any other? 

Mr. take whatever evidence they get. 
the members furnish the Board with objections, and that done 
time. great mistake think that every name that goes 
out the blue list comes out the white list afterward—it far 
from that. 

Mr. GREENE.—It seems evident every member the 
Society that very embarrassing thing, and very difficult thing, 
for him take blue list, about which may know something, 
little, much, or, perhaps, not anything, and hesitates before 
discriminates against man and sends information the Board, 
unless has positive knowledge. would not fair for him 
unless had. 

Now, seems me, the difficulty this matter that this thing 
not concentrated any workable, proper manner. seems 
that there ought committee this Board Direction whose 
business shall be, confidentially, ascertain the facts, and whose 
business shall keep everything that kind that they get into 
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their possession positively and absolutely themselves, and not 
the gentleman over there has described, that has known cases 
where the Directors have given out information which men were 
rejected, which very unjust thing, all agree. 

Now, this matter getting into this Society member should 
not looked upon small thing not attract anybody’s 
would only look that way. 

Now, what our position this matter? are entrusted, more 
than any other body men this continent, with the expenditure 
capital for the improvement the public works this country 
and the country’s general good, and are called upon, and should 
held right the mark, that make good that expectation 
the public, because the man who takes position engineer and 
disburses millions money should be, beyond any question, rock- 
bound his integrity, and naturally should well advised, well 
educated experience, and show his ability cope with the subjects 
that may come before him. 

make the statement here, and believe true, that, for two 
reasons, more money has been wasted the public works this 
country the last fifty years than would take pay the public 
debt this country when our Civil War closed. What are those two 
reasons? They are very lucid, and very short, and First, 
the brains and ability and knowledge the business that the man 
who has the matter hand, whether able cope with and 
properly, and the next is, whether has got such integrity at. 
rock-bottom that will justice between the parties, let what will 
come. 

Now, know that men have got into such positions this 
country; for instance, this matter Savannah, few years ago, 
United States officer, educated, believe, West Point, and now 
serving time, western penitentiary, for stealing. There wasa man, 
educated his country’s expense, and seems the only mis- 
take that was that man’s case was that had not gone 
State’s Prison before went West Point; then could not have 
done this mischief. 

There ought some way which this Society can exact from 
the candidates who want come into facts and information 
cient give the Board Direction—or whoever left decide this 
question who shall come and who shall stay out—absolute knowl- 
edge enough that they will feel that, conscientiously, they are safe 
letting man in, they are acting exactly honestly saying 
that cannot come in. 

seems me, Mr. Chairman, that something that kind should 
done the Board Direction, this amendment passes. Now, 
what everybody’s business nobody’s business, old saw— 
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older than any here—and this amendment passed, and the 
Board then appoints sub-committee whose duty shall 
that, and make their business see it, seems that this 
question, and this trouble, will largely removed, and very easily; 
but not see how ever can done, the modus under which 
are now 

Mr. Chairman, would like ask question. 
assumed that members the Board Direction who may reside 
California are vote intelligently each application. Suppose 
member shows letter the Board which says that knows 
believes that certain applicant blackguard and rascal, 
understand that, under this amendment, the Board intends print 
that, and send out through the United States mails the different 
members the Board throughout the United States? And, they 
don’t that, how can the various members the Board, distributed 
throughout the United States, vote intelligently any case? 

Mr. best answer that, Mr. Chairman, state 
what the practice present the Board. such communica- 
tions, and all preliminary considerations applicant, are con- 
sidered committee similar the committee that Mr. Greene has 
spoken of, who take all these facts into consideration, and when the 
name comes before the Board they recommend either that 
accepted rejected. Usually, the rejection follows any case. 
have never known name that committee, that, even 
the Board was present, and even they had this stuff piled there 
basket before them, they would never even ask for it, ask tosee 
it, the Committee’s report the man who not favored them 
presented; have never known case that was not con- 
sidered the action the Board. There may few instances, 
course, but Iam probably proceeding too far; but talking about 
the general practice. The confidence the Board this Committee 
great that they rarely beyond that, there any reason 
believe that not worthy. matter what would the pro- 
ceeding under this amendment, would say that whenever any real 
occasion arose for communicating everybody the Board, means 
will found doit. can trust the Board for that. 

There doubt about that the only way you can sift thing 
like that sift through committee, and once your 
tee has given its conclusions the matter, you want behind 
the committee, then time about it. 

Mr. other words, this local committee, which must 
necessarily local committee, determine who shall mem- 
bers and who shall not members the Society. (Applause.) 

great deal pleasure Mr. O’Rourke’s description the proceedings 
before the Committee Admissions. does not quite agree with 


q 
‘ 
q 


Discussion 
Amendment 
the 
Constitution 
(Continued). 


REPORT THE ANNUAL MEETING. [Society 


little bit experience had, think before Mr. Ricketts was member 
the Board. 

saw the blue list the name applicant who, was 
unfit Iwrote the Board Direction that, before 
his name was passed ballot, might further communicated with, 
would like make personal communication. The next month 
the name came out the ballot list. about the thing, and, 
while cannot make any official statement, think justified 
mentioning suspicion that the name was examined, one among over 
sixty, very hot September Tuesday, and the fact was that they did 
not get letter ail, but passed the man among that number, 
take it. 

Now, that extreme case, perfectly willing admit, and 
wish urge that extreme case; but wish say the mem- 
bers this Society that this proposed change the Constitution 
made, one provision against the admission unworthy members 
swept away. does not make much difference the older men the 
profession what reputation young man has, but young man whois 
looking place, and says member the American Society 
Civil Engineers, very severely handicapped the knowledge that 
another member the Society unworthy the name, either civil 
engineer (Applause.) 

favor Mr. O’Rourke’s amendment. hope will adopted. 
believe concentrating responsibility, and donot know ofany better 
place concentrate responsibility than upon the Board Direction 
this Society. the way that every large corporation does busi- 
ness; itis the way that great many the large clubs, not all 
them, and many professional societies elect members. 

think that might trust the Society, Professor Allen suggests, 
the Society had information, and the Society, and every member 
the Society, every seven members the Society, would act 
squarely. Ido not believe giving seven members the Society 
opportunity stab man the back for personal reasons. there 
are seven members the Society who think that man ought not 
admitted, they certainly can bring information enough into the 
possession the Board Direction enable that Board form fair 
opinion the justice their reasons. 

think that must not lost sight that the proposed amend- 
ment will change the present mode procedure the Board, Five 
members the Board now constitute quorum, believe, and three, 
therefore, would enable meeting the Board pass candidate 
for ballot. That the way which, perhaps, some unworthy men 
have become elected, have been passed ballot, Professor Allen 
states. 
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The mode procedure proposed Mr. O’Rourke would require 
the Board Direction vote letter-ballot. not see that there 
any difficulty, Mr. Ricketts seems think, getting information 
tothe various members the Board regard tothe unworthiness 
certain candidates. member this Society knows that can- 
didate blackguard, and writes the Board, giving his 
tion, just easy write the various members the Board 
and give them the facts. There difficulty about that. 

Ibelieve concentrating responsibility the Board, and think 
very likely the Board would modify, some extent, its procedure. 
Responsibility always makes man more careful. The Board very 
careful now; know from experience how much care taken the 
Board the admission candidates, and how carefully they consider 
every candidate. conceive the present time any letter 
from Mr. North not having been given great consideration. don’t 
know how was. was many years ago, perhaps but know how 
present, and therefore, strongly favor the amend- 
ment Mr. O’Rourke. (Applause. 

Mr. would like ask, before the sits down, 
definitely, much better allow three five men stab man 
the back than seven? really comes the Board Direction, 
smaller number Directors than required now, preventing abso- 
lutely man’s election. The Directors are taken from the main body 
the Society, and not understand that they are much more 
reliable than those who are not Directors, and are fully able 
stab man, take (laughter). 

Mr. great deal safer for the Society reject 
man this year, can admitted later, when more information about 
him can secured than could had the first place, than 
the members, anything all membership the Society, 
should the standing its members good engineers, and 
unworthy, unqualified man gets in, there stick, and you 
cannot get him out, but you can very easily put qualified man 
who has been passed over the first year for lack information, 
because someone wishes stab him the back, and elect him after 
while. 

think the Board Direction can entirely trusted this busi- 
ness, and five members, only, constitute quorum before the letter- 
ballot was sent out all the members vote upon the candidate, 
and happens found that three out those five vote against 
him the spot because there some question about the candidate, 
not necessary send out the ballots all the membership. 
seems that are straining gnat and swallowing camel. 
Mr. Rickett’s case has been entirely taken care and disposed 
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the particular way that came up, the minority who may have 
voted against the candidate that time had been three number. 

the candidates for membership the Society. think that too many 
men get now who are lacking the qualifications that they ought 
have; they might wait little while. good many young fellows 
reaching the age thirty apply for membership and try get in, 
but better for the Society that the Board Direction should 
scrutinize these applications with considerable care, and, 
experience, safer for them reject them, necessary; and say 
that great deal better for the Society reject, oncein while, 
very well qualified man, desirable man, than make mistake 
and elect unqualified man. 

(The President resumed the chair.) 

Am. E.—I would like ask the President 
one question regard the amendment that spoke and sug- 
gested little while ago, increasing the number necessary 
exclude. Have there ever been twenty negative votes cast against any 
member 

amendment the amendment proposed Mr. O’Rourke, wish 
say that opposed it, and that several members this Society, 
who not live New York, and whose associations the Society 
are confined receiving its publications, and the communications 
mailed from the Secretary’s office, and occasional blue list and 
ballots members, are opposed it. 

abuses have been made the election members this 
Society, think the thing get those abuses and stop 
them. you cannot expect the members vote intelligently and 
properly for admittance candidates their own membership, 
not see how you can cure that evil allowing those same members 
vote for members the Board Direction, and then shifting that 
responsibility over that Board. 

believe the suggestion made yourself, some one before, 
that seven the Society may keep out members, then 
that number should enlarged, and, you say, percentage the 
whole membership the Society, else percentage the whole 
number votes cast, should exclude. The pink ballot does correct 
that evil seven, has been demonstrated number times the 
last few years, but for these up-country members, whom one, 
liketo have something say, occasionally, regard the Society, 
and feel perhaps like the Americans hundred and thirty years ago, 
when they had the little tea-party around Boston. are all 
taxed for the Society, pay our dues, and want something say 
for it, and are not competent pass upon our own members, 
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not believe appointing some nurse for us; give 
chance. (Cries Question.) 

Tue question called for. The question upon 
the amendment the amendment offered Mr. O’Rourke, which, 
think, not necessary read. Those who are favor the 
adoption the amendment the amendment proposed Mr. 
O’Rourke will signify saying aye; contrary, no. 

The Chair unable decide. 

Past-President, Am. Soc. E.—Before any further 
vote taken, Mr. President, should like know what this amend- 
ment the amendment is? 

the election members wholly into the Board Direction. 

Mr. ask have that read? 

reading that amendment asked for, and 
will ask the Secretary read it. 

(The Secretary read the amendment the amendment.) 

heard the amendment the amendment, 
proposed Mr. O’Rourke, all those who are favor will signify 
rising and standing until counted. 

(The Secretary announced sixty-eight votes. 

Mr. rise point order. would like know what 
the situation those men who are standing, not from their seats, 
but behind the seats the rear the room; are those members prop- 
erly counted the room not? 

Tue counted everybody standing the room; not 
outside the room. 

who are opposed the amendment will 
rise. 

(The Secretary announced eighty-eight votes.) 

Presipent.—The amendment lost. The question now recurs 
upon the amendment was heretofore read, the amendment which 
you have received print. 

say, Mr. President, that this meet- 
ing can nothing with that amendment except amend it. Unless 
that proposed amendment amended this meeting, under the Con- 
stitution, goes letter-ballot the Society. 

Secretary correct. The proposed amend- 
ment having failed, the original amendment goes the Society for 
letter-ballot. there amendment offered this, will out 
the form which is. This simply the effect that the Board 
Direction may classify; has bearing upon the number nega- 
tive votes that may necessary exclude. 

Mr. wish ask for information, now that that amend- 


ment has been voted down, order.to present another amend- 
ment? 
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the nature amendment this; yes, sir. 

Mr. sorry have not got written down, but would 
like make amendment the amendment this effect, that, 
order exclude, the number negative votes should 19% the 
Corporate Membership the last Annual Meeting, the time 
the last Annual Report; 1%, which would be, the President has 
stated before, about twenty the present time. Instead seven, 
wish substitute the number twenty. 

is, you wish substitute per cent. 

Mr. 1%, which will this time about 
twenty. 

Mr. second the motion. 

Tue amendment seconded and now before 
you, which amends Section Article III, making the Cor- 
porate Membership. 

Mr. would state, addition that, that when the num- 
ber seven was decided upon, understand it, there were about 
seven hundred members the Society, and that was really about 1%, 
but twenty now practically the same percentage the Society 
seven was that time. 

amendment now before you for discussion, 
gentlemen. 

Hazen, Am. Soc. E.—It seems that there may 
great many men proposed for membership whom there would 
not twenty men who know well enough about their position and 
standing pass intelligently upon this point, and that respect 
twenty to-day may much more liberal allowance than seven, 
which was the time was adopted, that were the case. And 
question twenty not larger number than can afford give 
the present time, even seven too not one those 
who feel that defeated seven votes anything ashamed 
of, feel unduly. There satisfaction having gone through 
the pink ballot and feeling that the great majority the members 
the Society are behind you. 

Mr, regard that point that Mr. Hazen has 
made, the question arises again how many votes were ever cast 
against man, and whether possible that anybody would ever 
excluded required twenty votes exclude him member. 

have been twenty votes cast against 
candidate, and there has also been one voter who has voted against all 
the candidatés ballot list, which think there were forty-six. 

Mr. understand it, Mr. President, the Corporate 
Membership, according the list handed out to-day, only about 
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seventeen voters, and seventeen votes are considerably less than 
twenty. seems that the real effect this proposed amend- 
ment carry into effect indireetion the amendment which has 
just been voted down, because seems that would rarely 
happen that such number adverse votes would cast. seems 
that that very exceptional number. this particular 
case the men who know objectionable characteristics the part 
the candidate, order make that objection effective, must vote 
through the Board Direction, that the effect will be, feel 
that candidate objectionable, must the Board and stop 


him there, feeling certain that will difficult get the requisite 
number voters. 


(Calls for the question.) 


Hopepon, Am. E.—Mr. Chairman, this question 
seems entirely out order. The question the number 
negative votes which will come entirely new question. 
not amendment the amendment which before the Society 
the present time. That simply refers the application the 
applicant. This the method election the applicant, and should 
come entirely new amendment and presented the meet- 
ing, and presented the Society for discussion. (Applause.) 

(Calls for the question.) 

Mr. think, Mr. President, that this entirely germane 
the amendment. This resolution making the change the Consti- 
tution offered, and this changes two three words it, and that 
all. 


Mr. germane the subject, but the other 
amendment. 


Mr. changes two three words that; makes 
twenty instead seven, that all. 

Mr. question not the amendment. 

Mr. amendment this amendment the Constitu- 
tion, and this amendment that amendment, and perfectly 
proper. 

(Calls for the Question. 

THE raises question which little difficult 
for decide off-hand. Both are amendments Article though 
not the same section Article 

language the Constitution is, that 
amendment may amended any manner pertinent the original 
amendment. 


amended? 


Article 
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Mr. relation the proposed amendment that, 
where had the proposed amendment Mr. O’Rourke, that came 
up, because was proposed amend and Article IIT; 
but the amendment proposed Mr. Knap amends Section Article 
just raise the point order that not germane. 

order. 

Mr. Mr. President, there any other business come 
immediately before the meeting? not, would like offer reso- 
lution. has not been the custom this Society pass special 
resolutions relation special men, but seems that the 
coincidence this meeting connection with the history this city, 
and the country, for great many years, calls for some special 
action now. 

Some were late coming this meeting to-day, and the rea- 
son for that was because cared more about rendering the little 
respect could one whose memory the whole engineering profes- 
sion has honored than for attending the business here this morning, 
important though be. 

precisely the same hour for which this meeting was called the 
last services were held over the man who, for long time, have 
looked upon New York’s first citizen, and who, any man outside 
the profession has ever done much for engineers, has certainly 
done it. own personal acquaintance with him began about thirty 
years ago, and for twenty years have felt that, there was any sub- 
ject upon which needed especially sound advice and help, was the 
man for goto. there are many who have felt 
that same way. 

therefore offer the following resolution: 

Resolved, That the members the American Society Civil 
Engineers, assembled their Annual Meeting the hour when the 
last sacred rites were performed over the mortal remains Abram 
Hewitt, desire place record brief recognition the debt which 
many them individually, and all them profession, owe 
him who was for many years New York’s first citizen. 

While always disclaimed being engineer, had the mind 
and spirit which mean more than the actual professional name. 
While not enrolled among their numbers, his whole life, citizen, 
manufacturer and educator, was devoted those interests which 
have made the engineering profession possible. 


Few cities have had citizen. profession has had 
warmer friend. 


(Applause. 


Am. Soc. E.—I desire the privilege being 
seconder that resolution, and think, sir, all feel fitting that 
this Society should pass such resolution. While Mr. Hewitt was not 
member our own organization, was Past-President sister 
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national society, and, surely, ever man served his country, and 
served his country way that was effective, was he. 

looking the progress the world, the advancement man- 
kind, and those who have been connected with it, difficult draw 
lines showing exactly where such one’s influence has extended and 
ended. 

So, with Abram Hewitt, cannot exactly mark out the great 
industrial advancement the United States, the progress, the 
better condition its citizens that was brought point 
him; but surely man has lived his generation who has done 
more sweep that tide. has given and done the things that 
were best calculated for the true advancement and the true benefit 
his fellow men, and now, sir, God has made the just man perfect. 

you have heard the resolution offered 
Mr. Morison, and ably seconded Mr. Hunt. All favor 
its adoption will signify rising. 

THE have the report the tellers. 

there are other resolutions offer 

Am. Soc. E.—I would like offer reso- 
lution. 

Mr. That the sense this meeting that 
the American Society Civil Engineers should co-operate with the 
officers the Louisiana Purchase Exposition Company, the inaugu- 
ration International Congress Engineering, held St. 
Louis, during the Exposition period 1904, and further 

the Board Direction be, and is, hereby, author- 


ized and requested take such steps may necessary carry out 
the provisions the foregoing resolution. 


might say, gentlemen, this connection, that the Exposition 
Company making very generous provisions for the scientific con- 
gresses, and, course, important that the American Society 
Civil Engineers should take leading part the engineering con- 
gresses. For own part, should very glad have the Society 
make use department the Exposition any way possible 
help this matter along. The use stenographers, typewriters, and 
other members the force your service. 

The resolution was duly seconded. 

there any further discussion upon it? will ask 
for the vote. Those favor the adoption the resolution, which 


you have just heard read, will signify saying aye; those opposed 
no. 


Carried. 
there are further resolutions, the next 
order business will the report the tellers. 


International 
Congress 
Engineering. 
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Report Tellers Appointed Canvass the Ballot for the Election 


Officers the Annual Meeting, January 21st, 1903. 


Mr. Chairman: Your Committee, canvass the ballot 


for Officers, reports follows: 


Total number of. ballots received 


Counted and found 695 
For President: 

For 


For Treasurer: 
Palmer Ricketts 


For Directors 


q 
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Tellers. 
JANUARY 1903. 


you have heard the report the 


Remarks 


tellers, and with this election your present President retires. can- Past-President 


not so, however, without expressing you and the Society 
large thanks for the compliment which you have paid choos- 
ing your President, and further extending congratulations 
the Society upon the great prosperity which this Fiftieth Anni- 
versary Meeting now witnesses; and when see what see here 
before us, large Society gathered house its own, and compare 
with the small beginning the Society fifty years ago, think 
see that there has been planted here very vigorous plant, and may 
sure that the next fifty years will witness Society which will 
the utmost importance, not only this profession, but the whole 
country. 

will ask Mr. Morison and Mr. Croes conduct the new Presi- 
dent the Chair. 

President, Am. Soc. E.—Gentlemen the 
American Society Civil Engineers: appreciate very deeply the 
honor the election the Presidency this Society, and this cordial 
greeting which you have been good enough toaccord me. This Society 
the best exponent the profession engineering this hemis- 


Moore. 


President 
Noble 
Introduced. 


phere. the four great national societies, the one which seeks 


embrace its ranks all branches. Nine times ten the engineer 
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must stand fall the simple issue the performance duty. 
this issue, perceive, with some alarm, that must hazard what 
prize most highly, the continuance the good opinion profes- 
sional brethren. return for the honor which you have been good 
enough bestow me, can only regard the responsi- 
bilities about assume commensurate with the honor they 
imply, and discharge the duties which gratefully assume the 
best power. (Applause.) 

Tue President, have one letter which omitted 
read, and with your permission wiil read now. 


Sr. Mo., Jan. 19, 1903. 
Mr. CHARLES WARREN 


Sec’y. Am. Soc. Civ. Engineers, 
New York. 
Dear Sir: 
hereby report the Society that, pursuance the resolution 
passed the last Annual Convention Washington, have had 


oak tree planted Mount Vernon, memorial the visit the 
Society May last. 

the execution this work, have had the invaluable assistance 
Mr. Gifford Pinchot and Mr. George Sudworth the Bureau 
Forestry and Mr. Harrison Dodge, Superintendent the Mount 
Vernon Estate, and the thanks the Society are due these 
gentlemen. 


Yours very truly, 
Rost. 
President. 


Mr. move that the Secretary instructed this meet- 
ing extend the thanks the Society these gentlemen whom 
have named. They have executed, with great skill and fidelity, this 
commission which was placed them, and, may say, without any 
cost the Society. that the vote thanks due them. 

The motion was duly seconded and carried. 

After announcements the Secretary features the 
programme for the meeting, the meeting, motion duly seconded, 
was adjourned. 
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ANNUAL MEETING. 


Wednesday, January 21st, the business meeting, 
lunch for about 450 members was served 1.30 the Lounging 
Room. party, under the guidance Alfred Craven, 
Am. Soc. E., Division Engineer, visited and inspected the 
tunnel the Rapid Transit Railroad, between Sixtieth and Forty- 
second Streets. The station Broadway and Sixtieth Street, and 
various portions the tunnel were lighted for the occasion. Smaller 
parties visited other parts the work, Harlem, Park Avenue, 
the City Hall, during the afternoon. 

there was Reception, with dancing, the Society House, 
which the total attendance was about 375. 


Thursday, January 22d, 1903.—At the steamer Valley 
(kindly furnished for the occasion John Starin, Esq., and 
General Howard Carroll) with about 400 members and guests, includ- 
ing many ladies, left the Recreation Pier the foot East Twenty- 
fourth Street for excursion. invitation Hon. Gustav Linden- 


thal, Am. Soc. E., Commissioner Bridges, the party visited 
the site the Blackwell’s Island Bridge (No. and inspected the 
masonry piers, Blackwell’s Island and Ravenswood, course 


construction. Lunch was served the boat while its way down 
the river, and stop was made Hoboken inspect the new fire- 
proof piers which are being constructed the North German Lloyds 
Steamship Company. The party was landed the pier the foot 
West Thirty-fifth Street, New York, about 

the evening there was informal the Society 
House, about 400 members and guests being attendance. 

The following list contains the names 396 members, various 
grades, who registered being attendance the Annual Meeting. 
This list incomplete, account the failure many members 
register, and does not include the names any the guests, 
Society individual members: 


Abbot, W.......New York City 
Abbott, New York City 
Aiken, Pittsburg, Pa. 

Worcester, Mass. 


Bacon, Danbury, Conn. 
Bailey, New York City 
Baker, B.Morgantown, Va. 
Barnes, Boston, Mass. 


Maurer, 
Ashbridge, 
Philadelphia, Pa. 


New York City 
New York City 


Bascom, Allentown, Pa. 
Basinger, G.....New York City 
Belknap, E....New York City 
Belzner, New York City 


Auryansen, 


Benton, New York City 
Benzenberg, Milwaukee, Wis. 
New York City 
Bettes, R..Far Rockaway, N.Y. 
Beugler, J....... Boston, Mass 
Bishop, H.Middletown, Conn. 
New York City 
Boston, Mass. 
Boller, P....... New York City 
Boller, P., York City 
Bonzano, A..... Philadelphia, Pa. 
Booth, F...... New York City 
Bouscaren, Ohio 


Bowman, L.....New York City 
Bramwell, York City 


Breuchaud, J...... New York City 
Brinckerhoff, .New York City 
Reading, Pa. 
Buchholz, W....New York City 
New York City 
Buck, Montreal, Canada 
Burdett, A..... New York City 
Bush, W..... Hartford, Conn. 
Butts, P....Springfield, Mass. 
Carney, New York City 
New York City 
Carter, ......New York City 
Carter, Shirley...... Norfolk, Va. 
Cattell, A...... New York City 
Chambers, H....New York City 
Chase, New York City 
Chester, N...... Pittsburg, Pa. 
Christian, L....New York City 
Christie, B....... Chicago, 
New York City 
Clark, A., Jr.East Orange, 
Clark, V..... Philadelphia, Pa. 


Clarke, St. John....Bogota, 
New York City 
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Collier, C...... New York City 
New York City 
Cooper, L...... Yonkers, 
New York City 


Cornell, H...New York City 
Corthell, B....New York City 
Coverdale, H..New York City 


New York City 
New York City 


Crehore, W....New York City 
Creuzbaur, York City 
Croes, J.J. R..... New York City 


Crowell, F........ New York City 
Cudworth, G...New York City 
Davis, L....... New York City 
Davis, Chas....... Allegheny, Pa. 
Davis, Boston, Mass. 
Pittsburg, Pa. 
Deans, H....... New York City 
New York City 
Witt, H..... New York City 
Diebitsch, E...... New York City 


Dorrance, T...New York City 
Dunham, York City 


Easby, W...Philadelphia, Pa. 
Erlandsen, O...... New York City 
Evans, M...... Brooklyn, 
Evans, H....... New York City 
Fernstrom, H..... New York City 


Fisher, A..... Rochester, 
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Francis, New York City 
Frazee, New York City 
French, H....Brookline, Mass. 
French, W... Worcester, Mass. 
French, New York City 
Frost, New York City 
Fuller, Boston, Mass. 
Fuller, Boston, Mass. 
Fuller, New York City 
Fuller, New York City 


Gartensteig, New York City 
Gifford,G. .... New York City 
Gillespie, York City 
Goad, ....Montreal, Canada 
Goodnough, H..Boston, Mass. 
Gowen, .... Ossining, 
Graham, H..... New York City 
Greene, New York City 
Greene, Boston, Mass. 
Gregory, New York City 
Grimm, New York City 


Haight, New York City 
New York City 
Hammatt, C..Mexico, Mexico 
Hammer, New York City 
Harlow, Pittsburg, Pa. 
Harper, New York City 
Harrington, L..New York City 
Harris, ....New York City 
Harrison, W., 
Jersey City, 
Hatton, C...Wilmington, Del. 
Hauck, New York City 
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Haviland, 
Hayes, 
Hayes, 
Hazelton, W., 
Turner’s Falls, Mass. 
Hazen, New York City 
Hemming, W..New York City 
Hendrick, W...New York City 
Herbert, M., 
Bound Brook, 
Hering, New York City 
Herschel, New York City 
New York City 
New York City 
Hodgdon, W....Boston, Mass. 
Holliday, Pa. 
Hone, New York City 
New York City 
Howe, Boston, Mass. 
Hudson, Pa. 
Humphrey, L., 
Philadelphia, Pa. 
Hunt, Charles Warren, 
New York City 
Hutchings, E., 
Louisville, Ky. 


New York City 
Cohoes, 
Geneva, 


New York City 


Irving, 


Jacoby, 
Jackson, Boston, Mass. 
Jaques, Boston, Mass. 
Jarrett, S.......New York City 
Johnson, New York City 
Johnson, St. Louis, Mo. 
Johnson, J..Cambridge, Mass. 
Johnson, Boston, Mass. 

New York City 


Ithaca, 


Kelly, C.W. ..New Haven, Conn. 
Kelly, M.......New York City 
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Pittsburg, Pa. 
Kimball, A..... Boston, Mass. 
New York City 


New York City 
Knap, New York City 
Knapp, H....... Buffalo, 
Knight, B...... New York City 
Knowles, Pa. 


Chicotte, A..New York City 
New York City 
Latta, W....Philadelphia, Pa. 


Lederle, A....... Chicago, 
Lee, R..... Middletown, 


Leffingwell, D..Harrisburg, Pa. 


Lesley, W...Philadelphia, Pa. 
Lewis, H...... New York City 
Lewis, P........ New York City 
Lindenthal, G....New York City 
Loomis, H........ New York City 
Lowinson, O....... New York City 


Ludwig, A......New York City 
Lundie, J.......... New York City 


Macdonald, A..New York City 
Macdonald, C..... New York City 
MacGregor, A..New York City 
Machen, New York City 
Maclay, W.....New York City 
McComb, O.. Watertown, 
McDonald, P., Jr., 
Jersey City, 
New York City 
McKenzie, H., 
Southington, Conn. 
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MeMinn, J..... New York City 
MeNicol, A..... New York City 
W...New York City 


Malukoff, J....New York City 
Manley, H......... Boston, Mass. 
Marden, H., New York City 
Marple, M...... Scranton, Pa. 
New York City 
New York City 


Mead, A., 
Upper Montclair, 


Merriman, M..... Bethlehem, Pa. 
Merriman, T...... New York City 
Merryman, C..New York City 
Boston, Mass. 
Miller, New York City 
New York City 
Moisseiff, S.....New York City 
Moore, New York City 
Moore, H..New Haven, Conn. 
Morse, A...... Junta, Colo. 
Moulton, M....Springfield, Mass. 
New York City 
Myers, H....... New York City 


Nichols, H..New Haven, Conn. 


New York City 
New York City 
O’Brien, H...... New York City 


Ockerson, A....St. Louis, Mo. 


Odell, S...Port Chester, 
Olney, F....... New York City 
O’Rourke, F....New York City 
Osborn, C.:..Cleveland, Ohio 


Oxholm, 
West New Brighton, 
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Parker, McC...New York City 
Parker, Rutland, Vt. 
Parsons, B....New York City 
Pegram, New York City 
Pitts, New York City 
Plimpton, L....Boston, Mass. 
Potter, New York City 
Pratt, New York City 
Pratt, A....Philadelphia, Pa. 
Price, Pittsburg, Pa. 

New York City 


Quimby, H..Philadelphia, Pa. 


Ramsey, 
Raymond, 


New York City 
Brooklyn, 
Reynders, W., 
Harrisburg, Pa. 
Rice, New York City 
Richardson, C....New York City 
Ricketts, 
Ridgway, New York City 
Rogge, L....New York City 
Rosenberg, 
Ryan, New York City 


Scarborough, W., 

Richmond, Va. 
Schmitz, New York City 
Simpson, New York City 
Simpson, F....New York City 
Sinclair, O....Burlington, Vt. 
Skinner, New York City 
Smith, New York City 
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New York City 

New York City 

New York City 

Boston, Mass. 
Sooysmith, New York City 
Spencer, T.New Haven, Conn. 
Sperry, New York City 
Spooner, New York City 
Stearns, L......New York City 
Stearns, Boston, Mass. 
Steffens, F....New York City 
Stern, New York City 
Stevens, New York City 
Stewart, New York City 
Stewart, New York City 
Stoddard, C...New York City 
Swain, Boston, Mass. 
Swensson, E....Pittsburg, Mass. 


Swinburne, W..New York City 
Swindells, S..Mt. Kisco, 


Tainter, Far Hills, 
Taylor, Boston, Mass. 
Taylor, Boston, Mass. 
Temple, C...Philadelphia, Pa. 
Thackray, Pa. 
Thomas, New York City 
Thomes, H.....New York City 
Thomson, H...New York City 
Thomson, K...New York City 
Thornley, New York City 
Tighe, Holyoke, Mass. 
Tilden, New York City 
Travell, 

West New Brighton, 
Tribus, New York City 
Triest, F...New York City 
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Trotter, W..... New York City 
New York City 
Tucker, W..... Albany, 
New York City 
Tuttle, New York City 
New York City 
Upham, New York City 
Value, New York City 
Van Horne, G..New York City 
New York City 


Vogleson, Philadelphia, Pa. 
Vredenburgh, Jr. 


New York City 
Vrooman, M..Gloversville, 


Wadsworth, E..New York City 
Wagner, T...Philadelphia, Pa. 


New York City 
New York City 
Washington, H., 

New York City 
Watkins, W....New York City 
Webster, L..... New York City 
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Webster, S..Philadelphia, Pa. 
Webster, R.Philadelphia, Pa. 
Weiskopf, C....New York City 
Weston, Boston, Mass. 
Wheeler, R....New York City 
Wheeler, N....New York City 
Whiskeman, P..New York City 
New York City 
White, S..... Beaver Falls, Pa. 
Whitson, M....New York City 
Wiggin, W.New Haven, 
Wiggin, H...... Boston, Mass. 
Wiggins, D..... Toledo, Ohio 
New York City 
New York City 
Wilkes, K.New Rochelle, 
Williams, G.S...... Ithaca, 
Williams, B., Jr., 
New York City 
Williamson, York City 
Wilson, 
New Rochelle, 
Wolfel, L...Philadelphia, Pa. 
Wright, B..... New York City 
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ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, March 4th, 1903.—8.30 regular business 
meeting will held. Ballots for membership and ballots the pro- 
posed amendment the Constitution will canvassed, and paper 
Gerry, Jr., Assoc. Am. Soc. E., entitled High- 
Voltage Power Transmission,” will presented for discussion. This 
paper was printed Proceedings for January, 1903. 


Wednesday, March 18th, 1903.—8.30 this meeting 
paper George Lilly, Assoc. Am. Soc. E., entitled 
Blast Cleaning Structural Steel,” will presented for discussion. 
This paper printed this number Proceedings. 


Wednesday, April 1903.—8.30 regular business meet- 
ing will held. Ballots for membership will canvassed, and two 
papers will presented for discussion, follows: Filtration 
Works the East Jersey Water Company, Little Falls, New Jersey,” 
George Fuller, Assoc. Am. Soc. E.; and Automatic 
Modules for Regulating the Speed Filtration,” Charles Anthony, 


Jr., Am. These papers are printed this number 
Proceedings. 


ADDITIONAL PAPER. 


Attention called the paper entitled Note the Coefficient 
Elasticity Concrete and Mortar Beams During Flexure,” 
Myron Falk, Jun. Am. Soc. E., published this number 
Proceedings. This paper will not presented for discussion any 
meeting, but written communications the subject are invited for 


publication, and its discussion may called any member any 
future meeting the Society. 


ANNUAL CONVENTION 1903. 


The Thirty-fifth Annual Convention the Society will held 
Asheville, C., during the week beginning June 8th, 1903. 
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ACCESSIONS THE LIBRARY. 
From January 14th February 10th, 1903. 


DONATIONS.* 


FOWLER’S ELECTRICAL ENGINEER’S YEAR-BOOK AND DIRECTORY 
LIGHT, POWER AND TRACTION STATIONS, 1903. 


Leather, ins., 479 pp., illus. Scientific Publishing Company, 
Manchester. pence, net. Post free, shillings pence. 


The preface states that this book the work revision has been extensive. Much 
new matter has been among the additions are practical notes the design- 
ing and testing dynamos and motors. Some information also given rotary 
converters and switch-boards, electric welding, etc. little pruning has been done 
afford space for the fifty sixty pages new matter which has been added and the 
extensions other directions which were desirable. appendix directory 
electric light and power stations throughout the United Kingdom, which furnishes 
the principal particulars the pressures and methods distribution well 
boilers, engines, and electrical equipment, between 400 and 500 stations. There 
index nineteen pages. 


AMERICAN ENGINEERING 


the Construction Rotary Portland Cement Plants, Designed 
and Erected Lathbury and Spackman, Philadelphia, Pa. Cloth, 
ins., 157 pp., illus. Armstrong, Philadelphia, 1902. 
$2.00. (Donated Cement and Engineering News.) 


the Announcement the authors state that they offer those interested, photo- 
graphic and other illustrations some the plants that they have designed and con- 
structed, and the machinery they contain, all which they have installed. 


MANUAL FOR RESIDENT ENGINEERS. 


Containing General Information Construction. Moli- 
tor and Beard. Cloth, ins., pp., tables. New 
York, John Wiley Sons, 


During the construction the Choctaw,Oklahoma and Gulf Railroad Company’s line 
across the State Arkansas 1899, the first fifty pages this book were written 
the authors and published blue-print form their resident engi- 
neers, with view obtaining uniformity method both work and results. When 
the company, 1901, entered upon some 500 miles extensions and branches separated 
from one making personal supervisicn difficult and slow, the authors revised 
the body the book, and also the standard specifications the company, which, 
together with the tables level cuttings, were added the original instructions and 
published book furm for the railroad company’s use. After three years private 
circulation, the authors have decided present the Manual” the profession gener- 
ally, and the younger members particularly, with the hope that may suc- 
cessful standardizing and simplifying the work resident engineers throughout the 
country has been the instance one railroad. There index five pages. 


CATECHISM THE LOCOMOTIVE. 


Matthias Forney. Second Edition, Revised and Enlarged. 


Cloth, pp., illus. The Railroad New York, 
1897. 


Since the first edition this work, 1873, many changes and improvements have 
been made the construction locomotives, that preparing second edition 
the book the first one had thoroughly revised, and, great extent, rewritten. 
Also great deal entirely new matter had added bring the present 
state the art locomotive engineering. Most the illustrations are entirely new, 
and have heen selected from the latest this country. The chapter headings 
are: Force and Motion; Resolution Motion and The Principles the Lever: 
The Forces Air and Steam; Work, Energy and the Mechanical Equivalent 
Heat; The Steam Engine; The Expansive Action Steam; The Slide-Valve; The Action 
the Piston, Connecting Rod and Crank; General Description Locomotive Engine; 
Different Kinds Locomotives; Locomotive Boilers; The Boiler Attachments; The 


Unless otherwise specified, books this list have been donated the Library 
the Publisher. 


; 


Throttle Valve and Steam Pipes; The Cylinders, Pistons, Guide-Bars, Cross-Heads and 
Connecting-Rods; The Valve-Gear; Action the Pistons, Cranks and Driving-Wheels; 
Adhesions and Traction; Internal Disturbing Forces the Locomotive; The Running 
Gear; Miscellaneous; Friction and Lubrication; Screw-Threads, Bolts and Nuts; Tenders; 
Water-Tanks and Turn-Tables; The Westinghouse Air-Brake; The Care and Use the 
Air-Brake; The Eames Vacuum Driving-Wheel Brake; Proportions Locomotives; 
Combustion; The Resistance Trains; Performance and Cost Operating Locomotives; 
The Care and Inspection Locomotives while the Engine House; Running Loco- 
motives; Responsibilities and Qualifications Locomotive Engineers; Accidents 
Locomotives; Accidents and Injuries Persons; Properties Steam; Hyperbolic 
Logarithms. There index twenty-nine pages. 


PROCEDES GENERAUX CONSTRUCTION TRAVAUX D’ART. 

Par Préaudeau, avec collaboration Pontzen. Tome 
Second: Construction des Ouvrages. Paper, 6ins., 612 pp., 
illus., Paris, Ch. Béranger, 1903. fr. (Donated Ernest 
Pontzen. 


The Contents are: Fondations l’air libre, sec sous Procédés con- 
réparation des ouvrages, démolitions; Travaux Prix revient (fonda- 


ENGINEERING FOR LAND DRAINAGE, 


Manual for Laying Out and Constructing Drains for the Improve- 
ment Agricultural Lands. Charles Elliott, Am. Soc. 
Cloth, ins., 232 pp., illus. New York, John Wiley 
Sons, $1.50. 


The preface states that this brief treatise drainage engineering intended for 
the use those who are charged with the responsibility making plans for and execut- 
ing drainage improvements. puts the experience and practice years into form 
which will available others who wish acquire quickly the principles and prac- 
tice land drainage. has been the purpose the author emphasize and make 
clear those points which the busy agriculturist, and the practical engineer 
should know. The chapter headings are: Introduction; Soils; Land Drainage 
Levelling and Topography; Laying out Drains the Field; Fixing the Grade Drains; 
Maps and Records; Grading the Ditches for Tile; Flow Water through Pipes; Size 
Lateral Drains; Open Drains; Barnyards, Cattle-Lanes, etc.; Road Drain- 
age; Drainage Districts; Estimates Cost; Benefits and Profits Land Drainage. 
There index ten pages. 


STEAM POWER PLANTS, THEIR DESIGN AND CONSTRUCTION. 
Henry Meyer, Jr. Cloth, 9x6 ins., 159 pp., illus. New 
York, McGraw Co., 1903. $2.00. 


The publishers’ note states that the matter this book was written give infor- 
mation managers manufacturing plants buildings requiring power 
installations, since they are from time time called upon specify purchase the 
machinery needed for the their buildings with view efficiency 
and economy believed that the book prove valuable the 
engineer, architect student wno desires general information the subject treated. 
the expert claims only present accessible and convenient form data useful 
the practice his profession. The Contents are: Design Steam Power Plants; Pro- 
portioning Boilers; Design Tubular Boilers and Boiler Specifications; Selection 
Engines; Specifications for Steam Engines; Steam and Water Piping; Condensers; 
Feed Water Heaters and Economizers; Mechanical Draft; Chimneys; Coa] Handling, 
Water Supply and Purification. 


THE MANUFACTURE AND PROPERTIES IRON AND STEEL. 

Harry Huse Campbell, Am. Inst. Min. E., Am. Soc. E., 
Iron and Steel Inst. Second Edition. Cloth, ins., 862 
pp., illus. New York, The Engineering and Mining Journal, 1903. 
$5.00. (Donated the Author.) 


this edition the author has tried give Part kind introduction 
for those who are not metallurgists. does not pretend give all the qualifying con- 
ditions, but simply the main principles. Part embraces the ground covered the 
first edition Structural Steel, but many chapters have been entirely rewritten, and 
great deal new matter added. Much the text relating the chemical 
the open-hearth furnace has been condensed from certain which the author 
contributed the Transactions the American Institute Mining Engineers, while 
portions chapters appeared the Transactions the American Society Civil 
Engineers. The experiments and investigations have been conducted the works 
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ACCESSIONS THE LIBRARY. [Society 


The Pennsylvania Steel Company, Steelton, Pa., and all the details manufacture 
and treatment have been under the author’s direct observation. Part III the author 
has entered into more comprehensive comparison the industrial situation, and has 
compared the salient points foreign and American practice. The Contents are: The 
Main Principles Iron Metallurgy; The Errancy Scientific Records; The Blast 
Furnace; Wrought-Iron; Steel; High-Carbon Steel; The Acid-Bessemer Process; The 
Basic-Bessemer Process; The Open-Hearth Furnace; Fuel; The Acid Open-Hearth 
Process; The Basic Open-Hearth Process; Special Methods Manufacture and Some 
Items Affecting the Costs; Segregation and Homogeneity; Influence Hot Working 
Steel; Heat Treatment; The History and Shape the Test-Piece; The Influence 
Certain Elements the Physical Properties Steel; Classification Structural Steel; 
Welding; Steel Castings; The Iron Industry the Leading Nations. Thereis index 
twenty-two pages. 


Gifts have also been received from the following: 


Am. Inst. Min. Engrs. pam. New South Wales—Ry. Commrs. bound 
Ariz. Agri. Exper. Station. vol, 
Arnold, Bion New York World. vol. 


Australasian Inst. Min. Engrs. Nichols, Charles bound vol. 
Boston, Mass.—Pub. Lib. pam. Pharr, H.N. pam. 

Buffalo, Y.—Deputy Water Commr. vol. 


vol. South Eastern Ry. Co. 
Canadian Inst. vol. Sweet, Elnathan. pam. 
Conn.—R. bound vol. Swensson, Emil. 
Damascus Steel Co. pam. Switzerland—Eiden. hydrometrisches Bu- 
Deutsch-Amerikanischer Techniker-Ver- reau. 

Great Britain—Patent Office. U.S. Chief Engrs. bound vol. 
Iowa Eng.Soc. U.S. Coast and Geodetic Surv. bound vol. 
Tron and Steel Inst. bound vol Geological Surv. bound vol., 
Macmillan Co. bound vol. am. 

bound vol. Univ. Ill. Agri. Exper. Station. 
Miles, John pam. Univ. Texas Mineral Surv. pam. 


New England Cotton Mfrs. Assoc. bound Weir bound vol. 
vol. Unknown Donors. pam. 


PURCHASE. 


Rivieres Canalisees. Par Mas. Paris, Ch. Beranger, 
1903. 


The Analysis Steel-Works Materials. Harry Brearley and 


Fred Ibbotson. Longmans, Green and Co., London, New York and 
Bombay, 1902. 


United States Official Postal Guide, January, 1903. and 
Published Monthly Authority the Post Office Department. Con- 
tains Alphabetical List All the Post Officesin the United States 
with County and State, List States, List States and Counties, 
Showing the Money-Order Offices, Domestic and International; also, 
Rates Postage; Synopsis Postal Laws, Orders, Rulings the 
Department; Information Relating Postal Matters; and General 


Regulations Respecting Foreign Mails. Philadelphia, George 
Lasher. 


SUMMARY ACCESSIONS. 
From January 14th February 10th, 1903. 
Donations (including 111 
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MEMBERSHIP—ADDITIONS. 
MEMBERSHIP. 
ADDITIONS. 
MEMBERS. 
Date 
ALLAN, Percy Membership. 
Public Works Dept., Sydney, W., Aus- Assoc. April 1896 
CHESTER 
Topographer, Geological Survey, Washington, D.C. 1902 
ARTHUR JAMES 
Engr. chg., Great Falls Power Co., Assoc. Mar. 1901 
DENBY 
Capt., Corps Engrs., A., Engr. Office, Little 
SHERMAN, CHARLES WINSLOW Jun. 1891 
Div. Sudbury Dept., Met. Water-Works, May 1900 
Ashburton Pl., Boston, Mass............ Feb. 1903 
HENRY CLARK 
GEORGE 
Asst. Chf. Engr., San. Dist. Chicago, 1010 Security 
MEMBERS. 
Lewis 
Asst. Prof. Civ. Eng., Iowa State Coll., Ames, Iowa.... Jan. 1903 
AURYANSEN, FREDERICK 
Chf. Atlantic Ave. Impvt., Jun. Oct. 1897 
R., Court Brooklyn, Y........... Dec. 1902 
Bacon, GEORGE 
624 Dooly Bik., Salt Lake City, Utah............... 
Epwarp Henry 
Instr. Civ. Eng., Univ. Texas, 2600 Whitis Ave., 
BrapsHaw, 
Asst. Engr., Estimating Dept., Pennsylvania Jun. Oct. 1900 
Dana, TURNER 
Railroad Location and Gen. Engr., Room Jun. Sept. 11, 1900 
Bennett Bldg., New York City............. Assoc. Feb. 1903 
Day, 
Office Engr., Burlington’s Missouri Lines, Room 610, Globe 
(Best Ferguson, Cons. Engrs.), Ferguson Bldg., Den- 
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MEMBERSHIP—ADDITIONS. 


CHARLES RoMNEY 

U.S. Eng. Dept., Fort McKinley, Portland Harbor, Me.. 
Jaupon, Henry ScuDDER 

Care, Birmingham Water-Works Co., Birmingham, 
McKay, ALBERT 

Civ. Engr., N., Narragansett Bay Coal Depot, New- 


JAMES VINCENT 
Asst. Engr., Ry., Eagle Jun. 
Assoc. 


SHEPARDSON, JOHN 
Shabbona Grove, Kalb Co., 
VoE 


Chf. Draftsman, Bureau Yards and Docks, 


un. 
Assoc. 


U.S. Navy Yard, League Island, Philadel- 

phia, 
WHEELER, 

With Rapid Transit Astor Pl., New 

York City 


West 119th St., New York City 


Jun. 


ASSOCIATES. 

127 Fulton St., New York City 


Montreal Quarry Co., 266 Boulevard, Ville St. 
Louis, Montreal, Que., Canada 


JUNIORS. 
Bassett, Jay 


North 4th St., Steelton, 

244 West 20th St., New York City 

Bridge Engr., Nippon Tetsudo Kwaisha, Tokyo, Japan... 

Care, Water Co., Meridian, Miss 
Henry 

Care, Dr. Dillworth, Bedford Park, New York City 
LANGDON 

317 Walnut Ave., Roxbury, Mass 

273 West 138th St., New York City. 
GILMAN 

208 Church St., Clinton, Mass 


[Society 
Date 

Membership. 
Jan. 1903 
Feb. 1903 
Feb. 1903 
April 1900 
Feb. 1903 
Jan. 1903 
Feb. 1897 
Dec. 1902 
Jan. 1903 
1900 
Feb. 1903 
Feb. 1903 
Feb. 1903 
Feb. 1903 
Jan. 1903 
Feb. 1903 
Feb. 1903 


Feb. 1903 
Jan. 1903 


Feb. 1903 


Feb. 1903 
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RESIGNATIONS. 
Date 
Resignation. 
DEATHS. 
WALKER, Jr..... Elected Junior, May 31st, 1898; Associate 
Member April 2d, 1902; died December 
19th, 1902. 
ANTONIO ..... Elected Member February 17th, 1869; died 
January 16th, 1903. 
Watson WELLMAN......... Elected Member September 1883; died 
January 1903. 
Elected Member November 6th, 1878; died 


January 27th, 1903. 
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CURRENT ENGINEERING LITERATURE. 


[Society 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 
(January 14th February 10th, 1903.) 

This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possible. 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


fixed each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St., Philadelphia, Pa., 30c. 

(2) Eng. Club Phila., 1122 
Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Inst., Philadel- 
Pa., 

(4) Journal, Western Soc. Engrs., Mo- 
nadnock Block, Chicago, 

Transactions, Can. E., Mon- 
treal, Que., Canada. 

(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 

(7) Technology Quarterly, Mass. Inst. 

ech., Boston, Mass., 75c. 

(8) Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 

(9) Engineering Magazine, New York 
City, 

(10) Magazine, New York City, 


(11) Engineering (London), Wiley, 
New York City, 25c. 

(12) The Engineer (London), International 
News Co., New York City, 35c. 

(13) News, New York City, 


(14) The Engineering Record, New York 
City, 
(15) Gazette, New York City, 


(16) Engineering and Mining Journal, 
New York City, 15c. 

(17) Street Railway Journal, New York 
City, 

(18) Railway and Engineering Review, 
Chicago, 

(19) Scientific American Supplement, New 
York City, 

(20) Iron Age, New York City, 10c. 


(21) Engineer, London, Eng- 


land, 

(22) Iron and Coal Trades Review, Lon- 
don, England, 25c. 

(23) Bulletin, American Iron and Steel 

Assoc., Philadelphia, Pa. 

(24) American Gas Light Journal, New 
York City, 

(as) Engineer, New York City, 


(26) Electrical Review, London, England. 

(27) Electrical World and Engineer, New 
York City, 10c. 

(28) Journal, New Water-Works 
Assoc., Boston, $1. 

(29) Journal, Society Arts, London, 
Engiand, 15c. 

(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

(31) Annaies del’ Assoc. des Ing. Sortis 
des Gand, Brus- 
sels, Belgium. 


(32) Mémoires Compte Rendu des Tra- 
vaux, Ing. Civ. France, 
Paris, 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
chines, Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Paris, France. 

(37) Revue Paris, 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 

(40) Railway Age, Chicago, 10c. 

(41) Modern Machinery ,Chicago, 

(42) Transactions, Am.Inst. Elec. Engrs., 
New York City, 50c. 

(43) Annales des Ponts Chaussées, 

(44) Service Instit 
ournal, Mili Service Institu- 

tion, Governor’s Island, New York 
Harbor, 50c. 

(45) and Minerals, Scranton, Pa., 


(46) Scientific American, New York City, 


(47) Mechanical Engineer, Manchester, 
England. 

(54) Transactions, Am. Soc. E., New 
York City, $5. 

(55) Am. Soc. E., New 
York City, $10. 

(56) Transactions, Am. Inst. Min. 
New York City, $5. 

(57) Colliery Guardian, London, England. 

(58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, Pa., 50c. 

(59) Transactions, Mining Inst. Scot- 
land, London and Newcastle-upon- 
Tyne. 

(60) Municipal Engineering, Indianap- 
olis, Ind., 25c. 

(61) Proceedings, Western Railway Club, 
225 Dearborn St., Chicago, 25c. 

(62) American Manufacturer and fron 
World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. E., 
London, England. 

Power, New York City, 20c. 
(65) Official Proceedings, New York Rail- 
road Club, Y., 

(66) Journal Gas Lighting, London, 
England, 15c. 
(67) Cement and Engineering News,.Chi- 


(68) Mining Journal, London, England. 
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CURRENT ENGINEERING LITERATURE. 


LIST ARTICLES. 
Bridge. 


Paso Southwestern Bridge Paso, Texas.* (40) Jan. 16. 
Span and Substructure for the Interstate Bridge, Omaha, Neb.* (13) 


The Damage the New East River Bridge Cables Fire and the Proposed Method 
Repairing It. (13) Jan. 22. 


Bridge the National Park, Washington, D.C.* W.J. Douglas. (13) 

22. 

Bridge across the Missouri River East Omaha, Nebraska.* (15) Jan. 23. 

Erection the Northwest Miramichi Bridge, Newcastle, B.* H.D. Bush, Am. 
Soc. (15) Jan. 23. 

The Elevation the Chicago Alton Bridge Bridgeport, Chicago.* (40) Jan. 

The Rio Grande Braced Arch Bridge, Pacific Ry. Costa Rica.* (18) 24. 

The Omaha Interstate Bridge.* (14) Jan. 


The Substructure for the 1800-Ft. Cantilever Bridge Quebec, Canada.* (13) Jan. 29. 


Concrete-Steel Arch Bridges.* Daniel Luten. (Paper read before the Indiana Eng. 
Soc.) (60) Feb. 


Wood Block Paving and Other Features Connection with Small Drawbridge 
Brooklyn, Y.* (14) Feb. 

Viaur sur Ligne Carmaux Rodez.* (35) Jan. 

Métallique Viaur.* Emile Godfernaux. (38) Jan. 

Calcul des Ponts Maconnerie.* Methode Ritter. (33) Jan. 


Electrical. 


Some Electrical Fire Hazards. Washington Devereux. (2) Jan. 

Observations the Ohmic Resistance Electrolytes and Its Determination.* 
Wright. (26) Jan. 

Reducing the Measured Laid Submarine Cable 75° and Atmospheric 
Pressure. Rymer-Jones. Jan. 

Entropy. J.Swinburne. (26) Jan. 

Electric Power Transmission Cube Sugar Factory.* (26) Jan. 

New Automatic Oil-Switch for High-Tension Circuits.* (13) Jan. 15. 

The Hewitt Mercury Vapour Lamp and Static Converter.* (22) Jan. 16. 

Electricity Works.* (26) Jan. 16. 

The Electric Lighting Erith Three-Phase Plant).* (26) Jan. 16. 

Electrically-Operated Oil Circuit-Breaker for High Tension (15) (27) 

(20) Jan. 22; (18)Jan. 24. 

Oerlikon Induction Motor with Four Speed Variations.* Hans Behr. (27) Jan. 17. 


Excitation Asynchronous Generators Means Static Condensance. 


Cooper-Hewitt Static Converter.* (27) (17) Jan. 17. 


The Aerial Telephone Lines.* Abbott. (27) Serial beginning 
an. 17. 


Electricity Underground Motive Power. Wm. Little. (Paper read the New 
Seaham Mining Students’ Assoc.) (62) Jan. 22. 

The Photometry Electric Lamps.* Fleming. Paper read before the Inst. 
Elee. Engrs.) (11) Serial beginning Jan. 23; (Abstract Paper read before the 
Inst. Elec. Engrs.) (47) Serial beginning Jan. 17; (26) Serial beginning Jan. 

Stress Frames Alternating Current Generators. (27) Jan. 24. 

The Underground System the Chicago Edison and Commonwealth Electric Com- 


panies. W.G. (Abstract Paper read before the Chicago Elec. Assoc.) 
(27) Jan. 24. 


The Present State Wireless Telegraphy.* (19) Jan. 31. 

000-Volt Installation Grenoble, France.* (27) Jan. 31. 
Electrical Measuring Instruments.* Caryl Haskins. (3) Feb. 
Richmond, Indiana, Municipal Electric Lighting and Power Plant.* Nelson. 


(Paper read before the Eng. Soc.) (60) Feb.; (Abstract Paper read before 
the Indiana Eng. Soc.) (13) Jan. 29. 


Machine Tools with Individual Electric Motors. Lozier. (10) Feb. 

The Electrical Resistance Bearings. Kennelly and A.Adams. (27) Feb. 

The Value Testing. Geo. Shepardson. (Abstract paper read before 
the Northwestern Assoc.) (27) Feb. 

Structural Details the Edison Storage Battery.* (46) Feb. 

The Cooper Hewitt and Static Converter.* (46) Feb. 

Bull System Selective Wireless Telegraphy.* (27) Feb. 

Voltage Regulation.* (27) Feb. 

Compte Rendu Congrés Houille Blanche. Ch. Pinat. (32) Nov. 

Nouvelle Usine Hydro-Electrique des Chutes Niagara.* (33) Jan. 

Marine. 


The Machinery the Orient-Pacific Liner (11) Jan. 


The Vibration Steamships. George Melville. Serial beginning Jan. 
Modern Marine Boilers. Rounthwaite, M.I. (Paper read before the 
Jun. Inst. Engrs.) (12) Jan. 


The Brussels.* (12) Jan. 
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CURRENT ENGINEERING LITERATURE. 


Marine—(Continued). 

The Chilian Battleship Libertad. (11) Jan. 16. 

Submarine Torpedo Boats, Past, Present and Future.* Lawrence Spear. (Abstract 
paper read before the Society Naval Archts. and Marine Engrs.) (19) Feb. 

Mechanical. 


The Blast Furnace Power Plant.* Edward Uehling. (8) Jan. 

Kansas Natural Gas; Its Control and Distribution; Method Employed Burning and 
Measuring the Pressures.* W.R.Crane. (45) Jan. 

Liquid Fuel for Electrical Stations. W.H. Booth. (26) Jan. 

Flame Analyses and Fuel Combustion.* W.H. Booth, (26) Jan. 

Hydraulic Machinery for Indian Locomotive Works.* (12) 

Sugar-Making the Hawaiian Islands; Recent Practice the Design, Construction 
and Operation Raw Cane-Sugar Factories the Hawaiian Islands.* J.N. 
(Paper read before the Inst. Mech. Engrs.) (11) Serial beginning 

an. 

Comparative Economy Stoking and Hand Firing.* Julius Geldard. (Paper read 
before the Leeds Assoc. Engrs.) (47) Jan. 

Steam Pipe Covering Tests.* (47) Jan. 

The Use Blast-Furnace Gas Gas Engines. Cecil (Abstract Paper 
read before the Cleveland Inst. Engrs.) (47) Serial beginning Jan. 

Inclined Retort-House and Its Working (66) Jan. 

The Granton Works the Edinburgh and Leith Gas Commissioners.* Walter Ralph 
Herring, (66) Serial beginning Jan. 

Turbo-Blowing Engine the Farnley Iron Works.* (22) Jan. 

Single Rock Cutting Machine. (11) Jan. 

Remarkable Steam Engine Test. made Prof. (12) Jan. 

The Purification Blast Furnace Gas.* (22) Serial beginning Jan. 

Testing Indicator Springs.* (Reprinted from Machinery.) (47) 


Efficiency Tests Compressed Air Machinery.* Popplewell, Inst. 
(47) Serial beginning Jan. 10. 


English Inclined Retort Installation (66) Jan. 13. 
Freaks and Fallacies Steam Engine Design. Egbert Watson. (62) Jan. 15. 
Rules for Working Loads Wire Elevator Ropes. H.C. Newcomer. (13) Jan. 15. 


Differences the Construction Gas and Steam Engines. Plantinga, 
(13) Jan. 15. 


The Elimination Hand Labor Brick Making.* Parker Fiske. (13) Jan. 15. 

The Lanchester Motor Car. (11) Jan. 16. 

The Water-Tube Boiler.* (22) Jan. 16. 

The Explained Simply, without Mathematics.* (Abstract 
from Paper read before the Inst. Junior Engrs.) (12) Jan. 16. 

The Requirements Machine Tool Operation with Special Reference the Motor 
Charles Day. (Abstract Paper read before the Elec. Soc.) (40) 

an. 16. 

Connecting and Coupling-Rods. P.H. Parr. (12) Serial beginning Jan. 16. 

Test Engine with Superheated Steam. Ewing. (47) Jan. 17. 

The New Mechanical Plant the Mutual Life Building, New York.* (14) Jan. 17. 

Modern Marine Boilers. Rounthwaite. (Paper read before the Junior Inst. 
Engrs.) (47) Serial beginning Jan. 17. 

Gas Purification and Gas Purifiers.* Pierre Plantinga. (24) Jan. 19. 

Overhead Tramrail Systems Shops and Foundries.* Moyer. (Paper read 
before the Philadelphia Foundrymen’s Association.) (20) Jan. 22. 

The Manufacture Open-Hearth Basic Steel. C.H. Macmillan. (Paper read before 
the Cleveland Inst. Engrs.) (22) Jan. 23. 

The Cutting Angles Tools for Metal-Work, Affecting Speed and Feed.* 
Donaldson. read before the Inst. Mech. Engrs.) (11) (47) Serial 
beginning Jan. 24; (12) Serial beginning Jan. 23. 

New Electric Timing Apparatus for Automobiles.* (19) 

an. 24. 

Modern Tendencies the Utilization Power. John Joseph Flather. (19) Serial 
beginning Jan. 24. 

The Gas Industry and the Manufacture Cyanide. (24) Jan. 26; (66) Jan. 27. 

Fans Gas-Works.* Gordon Mackay, Assoc. (66) Jan. 27. 

Oil-Gas System for Isolated Plants.* (13) Jan. 29. 

Five-Ton Steam Wagon for West Africa.* (20) Jan. 29. 

Grasshopper Elevator for Unloading Grain from Vessels.* 

an: 

Efficiency Test Nordberg Air Compressor the Burra Burra Mine the Tennessee 
Copper Company. Parke Channing. (Paper presented before the Lake Superior 
Min. Inst.) (16) Jan. 31. 

Census Report Motor-Power Appliances. Edward Sanborn. (64) Feb. 

Boiler Scale and the Transmission Heat.* (64) Feb. 

Koerting Gas Engine.* (64) Feb. 

Test Charon Gas Engine.* (64) Feb. 

Progress the Introduction the Steam Turbine.* (9) Feb. 

Machine Tools with Individual Electric Motors. Lozier. (10) Feb. 
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CURRENT ENGINEERING LITERATURE. 


Mechanical—(Continued). 


Power from the Interior Heat the Earth.* William Hallock. (10) Feb. 
Notes House Piping (Gas). (24) Feb. 


The Cyanogen from Gas. (From the German Herr Walther Field). (24) 


eb. 

Coking Bee-Hive Ovens with Reference Yield. Charles Catlett. (24) Feb. 

Steam Engine with Single Rotary Valve.* (13) Feb. 

The Evolution the Hydraulic Elevator; High-Pressure Elevators the Prudential 
Buildings, Newark, J.* Chas. Duenkel. (13) 

The Capacity Cast Iron Sectional Steam Boilers. (Paper read 
before the Am. Soc. Heating and Ventilating Engrs.) (20) (14) Jan. 24. 

Friction Machinery and Lubrication. Dixon. Feb. 

The Fuel Value the North Dakota Lignites.* Frank Wilder. (16) Feb. 

Evaporated Salt Industry Kansas.* W.R. Crane. (16) Feb. 


Les les Machines Vapeur Diisseldorf. Ch. Compére. 
2) Nov. 


Nouvelle Chaudiére Tubes d’Eau.* (34) Jan. 

Les Moteurs Pétrole; Trepidation (36) Jan. 10. 

Mécanique Loffet. (36) Serial beginning Jan. 10. 
Metallurgical. 


Some New Puddling Furnaces.* (22) Jan. 

Preventing Explosions Blast Furnaces.* Rudolf Berg. (62) Jan. 15. 

Static Electricity Applied Ore Dressing.* W.G. Swart. (16) Jan. 24. 

Tavener’s Method Treating Slimes. Lane Carter. (16) Jan. 24. 
Metallurgical Methods A.* Barton Hack. (16) Jan. 24. 

Lead Smelting Gold (Abstract Paper read before 


and Metal. Soc. Africa.) (16) Jan. 31; (68) Serial beginning 
an. 17. 


The Taylor-White Process Treating Tool-Steel. (3) Feb. 

The Cyanide Process Montana.* Alderson. (16) Feb. 

Emploi pour Service des Fours Coke des Hauts Fourneaux.* 
Bratman. (33) Jan. 

Military. 


Capped and Uncapped Projectiles.* (12) Jan. 
Test the New 16-Inch Gun.* (46) Jan. 31. 


Mining. 


Summit County Placers Colorado; Description the Great Hydraulic Works now 
Nearing Completion near Breckenridge.* Arthur Lakes. (45) Jan. 

Tunnel Construction Chicago; Method Driving and Constructing Not Dis- 
turb the Surface.* Geo. Jackson. (45) Jan. 

The Mines Argentina; The Adaptation, the Natives, the Methods Working 
the Limitations the Country.* Brinsmade. (45) Jan. 

Earth Pressures Deep Mines. (57) Jan. 

Explosives Coal Mines: New Order. (22) Jan. 

Sinking Shaft Compressed Air.* (57) Jan. 

Various Methods Conveying Power the Interior Mines. Lindsay Galloway, 


Assoc. Inst. (Paper read before the Glasgow Univ. Eng. Serial 
beginning Jan. 


The Resistance Traction Mine Cars. (13) Jan. 15. 

Diamond Mining Kimberley.* (12) Serial beginning Jan. 16. 

Safe and Economical Substitute for Dynamite. (13) Jan. 22. 

The Bentrop System Air-Tight Pit Head Casings.* (22) Jan. 23. 

The Management Metalliferous Mines. Albert Williams, Jr. (9) Feb. 

Gold Mining Wales.* W.H. Booth. (10) Feb. 

and Estimation Ore Mine.* Rickard. (16) Serial beginning 
eb. 


Miscellaneous. 
The Metric System. (29) Jan. 23. 
Municipal. 


Fire Mains.* John Trautwine, Jr. (2) Jan. 

Philadelphia High-Pressure Fire Service.* John E.Codman. (2) Jan. 

Stationary Fire Pumps. George Jones. (46) Jan. 24. 

Warren’s Bituminous Macadam Pavement. Kenyon. (Paper read before the 


Soc.) (60) Feb; (Abstract befcre the Indiana Eng. Soc.) 
(14) Jan. 31. 


The Advantages Bituminous Filler For Brick Pavements. (Paper read before the 
Indiana Eng. (60) Feb. 


Railroad. 

the Guayaquil and Quito Railway. Ecuador.* William Beatty. 
Jan. 

Westinghouse Friction Draft Gear.* (21) Jan. 
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CURRENT ENGINEERING LITERATURE. 


Railroad—(Continued). 


Low Pressure Pneumatic Signalling Salisbury.* (21) Jan.; (15) Jan. 23. 

The Rutland-Canadian Railway and Its John Burke. (13) Jan. 15. 
Géldsdorf Compound Locomotives.* Reginald Gordon. Jan. 16. 

New Car Shops for the D., Scranton, Pa.* (18) Jan. 17. 

The New York City Terminal the Pennsylvania Railroad. (14) 

The Hibbard Valve for Braking Empty and Loaded Cars.* (15) Jan. 23. 
Passenger Locomotive for the Great Eastern Railway. (11) Jan. 23. 

and Railway Improvements.* (12) Serial beginning Jan. 23. 


Terminal Station and Freight-Handling System for Interurban Electric Railways 
Cincinnati, (13) Jan. 29. 


Some Recent Rail Making.* Jan. 30. 

The Westinghouse Electro-Pneumatic Train Control System. Jan. 30. 
Mikado Freight Locomotive, Atchison, Topeka Santa Ry.* (18) Jan, 31. 
New Freight Locomotive for the Burlington 2-8-0 Type.* (25) Feb. 


The New Roundhouse Rensselaer, New York Central Hudson River Railroad; 
Heating and Lighting Systems.* (25) Feb. 

Comparison Locomotives. Lawford Fry. Feb. 

Railway Shops. R.H.Soule. (25) Serial beginning Feb. 

Passenger Locomotive, Northern Pacific Railway; 4-6-2 Type.* (25) Feb. 

Knuckle Pin for Passenger Couplers, Michigan Central Railroad.* (25) 


Electric Traction Entering Steam Railway Field; Latest Developments the Italian 
High-Tension Three-Phase Line.* Frank Perkins. (40) Feb. 


Ten-Wheel Passenger Locomotives, Great Central Railway England.* (40) Feb. 
Wheel Flange and Rail Wear. Perry. (15) Feb. 


Locomotive for the Norfolk Western.* (15) Feb. 
Vicarino Car Lighting System France.* (27) Feb. 
Pocatello Shops the Oregon Short Line.* Feb. 


System Electrically Lighting Steam Railway Cars from the Axle.* (27) 


eb. 
Etude Quelques Appareils Destinés Libérer les Encleuchements qu’aprés 


Railroad, Street. 


The Cruvellier Surface Contact System. (11) Jan. 

Fault Localizing Tramway Systems. Johnston. (26) Jan. 
Bournemouth Corporation Tramways.* (26) Serial beginning Jan. 
Results with the Third Boston.* (27) Jan. 


The Westinghouse Electro-Pneumatic System Train Control for the Brooklyn Ele- 
vated Railway. (19) Jan. 


Automobile Street Car.* W.E. Partridge. (46) Jan. 24. 

Power Plant the Aurora, Elgin Chicago Railway.* (14) Feb. 
Bournemouth, England, Slot Conduit Electric Railway.* (27) Feb. 
Electric Road from Fayet Chamonix.* (17) Feb. 


Note sur Différents Types Voitures Automotrices Tramways Electriques.* Gus- 
tave Lelarge. (38) Serial beginning Jan. 
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The Manufacture and Properties Artificial Sandstone. Samuel (Abstract 
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CLEANING STRUCTURAL STEEL. 


intended set forth, this paper, some the results which 
have been attained the use the sand-blast cleaning steel plates 
and structural steel. Some data the cost and other elements 
which enter into its application will presented, the hope that pos- 
sibly something may the facility making approximately 
accurate estimates the cost any sand-blast cleaning which may 
contemplation hereafter. Some the work heretofore done has been 
referred paper, published Engineering News April 24th, 
1902; and the cost cleaning 600 sq. ft. the Front Street 


over the Little Miami Railroad, Columbus, Ohio, was stated. 


presenting the experience gained the continuance the work 
during the season 1902, giving results cleaning total area 
135 500 sq. ft. viaducts that city, which have been repainted since 
the early part November, 1901, hoped add record least 
some value. 

leads thorough discussion, and members the Society 
add the record, the most important part the purpose present- 
ing this paper will have been realized. 

papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers, with discussion 
full, will published Transactions. 
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During the past few years some has been 
secure thorough cleaning structural steel before the application 
the preservative coating; but, unfortunately, are still far from 
the realization the kind work required. Much 
has been written relative the kind paint which will best preserve 
the steel and iron used great variety structures. 
the discussion, which has been going for many years, many 
have argued very strenuously against; and many just earnestly 
favor of, perhaps every kind paint now used largely preservatives 
ferric structures from the ravages rust and corrosion. But, 
the discussion, they have often lost sight the very important matter 
cleaning the steel properly. account the great deterioration 
such structures, the past, whether reason exposure the 
weather land sea, the action acids, the gases and 
moisture coal combustion, combination with the oxygen the 
atmosphere, this question vital interest all engineers and 
others concerned their erection maintenance. Nevertheless, com- 
paratively little has been done thus far toward securing such cleaning 
will insure much longer life for, well economy the main- 
tenance of, such structures. The dawn better day seems have 
appeared, the application better methods, some instances, 
new work, and, more cases, the old; and hoped that 
the full light that day may soon seen, the results new work 
the shop—as provision for the future—and old structures—to 
undo, far possible, the neglect the past. 

has often been observed that mill marks made with paint 
very inferior quality have afforded good steel, while 
other portions, covered with much better paint, have been much 
affected rust, the latter even extending under paint which, for the 
most part, has still retained its continuity and elastic qualities. The 
explanation found the facts that the mill marks were made when 
the metal was clean, and that the paint applied subsequently was 
upon the mill scale, rust and grease which had accumulated 
upon before the shop work was finished. However excellent may 
its qualities, absurd expect any paint preserve steel which 


applied, unless the mill scale, rust, dirt and grease have been first 


removed. This observation applies with equal, or, may said, with 
even greater, force, the repainting old structures which have been 
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neglected, and upon which rust and corrosion have proceeded far 
that impossible secure good preservation ordinary methods 
cleaning. Having this knowledge mind, proper determine, 
from the conditions met any case, what necessary done 
order insure that the preservative coating shall applied only after 
the surface the metal clean and proper condition receive it. 
accomplish this, there doubt that much the new well 
old steel will required cleaned means the sand-blast, 
the only practicable and effective method. Much the steel, after 
leaving the mills, stored out-of-doors and exposed the weather for 
considerable length time before the shop work done. Thus its 
rusting often progresses such extent that the ordinary process 
cleaning with wire brushes, even that attempted, not suffi- 
cient permit the paint come into immediate contact with and be- 
come firmly adherent tothe metal. The quality the paint used, 
new structures well old, important matter; but that cannot 
discussed this paper. 

The effectiveness the sand-blast process depends upon the 
ability sand, used projectile, break up, wear away and re- 
move the substances against which directed, when actuated 
current compressed air. All the machines, often called mixers, for 
the application this process, are intended secure the introduc- 
tion the proper proportion sand into current compressed 
air passing through pipe. This current compressed air, 
bearing with the sand thus introduced, then directed into 
and through rubber hose, preferably ins. diameter, and 
steel iron nozzle suitable size, and against the surface 
cleaned. Sometimes the air-blast alone may used remove dust 
and soot. Such appliance was first invented and patented Gen- 
eral Benjamin Tilghman, the patent being issued October 18th, 
1870. This appliance, improved Mathewson, still the mar- 
ket. this apparatus, slotted slide, operated lever, regulates 
the quantity sand introduced into the current air. This isshown 
the sectional drawing, Fig. 

the Paxson-Warren machine, Fig. the feed the sand 
regulated revolving piece, valve, which covers the 
opening the bottom the hopper the extent desired 
let the proper quantity sand fall through and into the air 
pipe. 
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the machine patented Newhouse, Columbus, Ohio, 
shown Fig. the sand passes from the hopper the bottom 
through annular opening around the end nozzle-shaped steel 
piece, which decreases its outer circumference toward the end; and, 
raising lowering it, this annular opening may increased 
diminished The distinguishing feature this appliance 


MATHEWSON’S SAND-BLAST. 
(TRADE NAME, TILGHMAN.) 


Pipe from 
Air Receiver 


Hose with 
Special End 


the use this nozzle siphon, with its perforations shown. 
The small holes permit part the air which flows through the 
small pipe and the siphon escape outwardly through the sur- 
rounding sand, thus stirring and preventing from clogging 
the opening. similar siphon, without the perforations, placed 
the air pipe. 
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Possibly there are other machines, but the writer not familiar with 
them. Any the sand mixers may made with two chambers, with 
valves arranged lock the sand through the upper one into the 
lower one while the sand-blast operation. 

The greatest merit the sand-blast that removes from the 
surface the metal every trace dirt, scale, rust and grease, and 


Pipe from SAND-BLAST. 
(TRADE NAME, 


the bright metallic surface everywhere exposed and perfectly 
This ideal condition secure the strong adhesion the 
paint, that, far possible, will protect the metal. The 
thoroughness the cleaning effected the sand-blast noted espe- 
cially upon metal surfaces which have been pitted rust and corro- 
sion considerable degree. The pits are thus cleaned thor- 
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oughly other places. also reaches and cleans effectually every 
portion, re-entrant angles and the edges the different sec- 
tions beam, girder post, and around rivet heads, and 
many other places either entirely inaccessible the wire-brush 
steel scraper, which they are used with great difficulty and little 
effect. 


THE NEWHOUSE 


Such places cannot cleaned thoroughly hand, even with the 
most diligent effort. Even plane surfaces considerable area, 
old structures requiring repainting, especially where covered largely 
with scales and rust, cannot thus cleaned remove all the 
dirt, rust, scale and disintegrating paint. There will still remain 
sufficient rust and scale separate slightly the paint from the metal, 
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that there not the intimate contact and firm adhesion necessary 
prevent the rusting process. The continuity the coat paint 
will soon broken places, and, moisture and gases the atmosphere 
coming contact with the metal, rust will formed even under places 
where the paint remains intact. 

Paint applied such surfaces can often stripped off like the 
peel orange, and still remains tough and elastic. Good paint, 
may be, but has never taken good hold the steel. the other 
hand, the writer has seen piece old steel, which was cleaned and 
painted with red lead 1899, which the paint will not peel off 
all, but may cut away, still leaving the under portion tightly ad- 
hering the steel. 

The sand-blast has been found serviceable and economical for 
other purposes than the cleaning steel plates and structural steel. 
used cleaning iron and brass castings, either the direct 
application the blast, introducing the sand-blast through 
the hollow trunnion the tumbling barrel which the castings are 
placed. The inner, well the outer, surfaces castings are thus 
cleaned, and the sharp lines the edges preserved, while the cleaning 
effected the tumbling barrel without the sand-blast tends round 
off the corners. Its use clean street-railway rails and fish-plates, 
for cast and electric welding, familiar all. also quite effec- 
tive cleaning cut-stone work. One the ice-manufacturing com- 
panies Columbus, Ohio, has recently purchased sand-blast machine 
for use removing from its condenser pipes the lime scale formed from 
the hard water used. 

The Columbus Railway Company has made use cleaning 
about ins. length large number its iron trolley poles, 
just above and below the surface the ground. this point the 
poles had rusted such extent weaken them materially, 
and would soon have been necessary replace many them. 
After cleaning this way, coat paint was immediately applied, 
and, soon afterward, each pole was encased cylinder cement 
mortar tamped into removable forms. 

The sand-blast has also been used the shops the Pan Handle 
Railway, and other railroad shops, cleaning the tenders loco- 
motives before repainting. great saving expense thus realized, 
and superior work obtained. would attempting too much 
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take the methods and relative costs these various lines sand- 
blast work. 

seems that, beyond few scattered experiments, only during the 
past six seven years may found any published record the appli- 
cation this process the cleaning structural steel. 
these recent years, very great amount such cleaning has been done. 
Most the trials heretofore made have been upon somewhat experi- 
mental basis, and yet something may learned from them. still 
rather problematical to.how cheaply the mill scale, rust and grease 
could cleaned from new steel plates and structural steel, 
permanent plant were provided for the purpose. Some new plates for 
the bilge keels the Massachusetts were cleaned the United States 
Navy Yard, Brooklyn, April, 1897. With one nozzle, 155 sq. ft. 
surface were cleaned hours. This the rate 286.8 sq. ft. 
per hour. The cost the work was 0.56 cent per square foot. Upon 
this basis the writer estimated that the sand-blast cleaning new steel 
plates, and other sections, would cost from cents per ton, 
for very heavy sections, $1.75 per ton, for light sections. This 
would not very large additional expenditure upon steel structures, 
considering the longer life which would, doubt, insure for the 
steel thus treated. The rapid deterioration and wasting away which 
has been observed bridges and other structures may well cause 
builders steel-framed buildings consider the advisability 
cleaning the steel this way, before painting and hiding from 
inspection the walls. The safety well the durability such 
buildings may depend upon better provision against the rusting out 
these steel frames. Who knows? 

The steel for the anchorages the cables the New East River 
Bridge were cleaned the sand-blast, under the direction 
Buck, Am. Soc. E., Chief Engineer. This was done for the 
special reason that would buried the masonry, and would 
totally inaccessible for all time.” This process was also used some 
the steel the Boston subways, Howard Carson, Am. Soc. 
E., Chief Engineer. The writer has figures the cost 
these cases. 

Much the expense repainting the future would saved 
greater care were taken securing thorough cleaning the shops 
before applying the first coat paint new work. this 
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accomplished, will many cases found necessary use the 
sand-blast; but this will not done until the purchaser willing 
pay for it; and must convinced its necessity and ultimate 
economy before will willing so. When there demand 
for it, the shops will equipped with the necessary machinery, and 
will able more cheaply. present, one shop has bid 
against the other, and, none them being required make bids with 
such cleaning part the specifications, the bids are such that 
the shops probably cannot afford clean the steel properly, some 
instances least. They are averse this process because the 
expense fitting for it, the delay getting the work out, and the 
cost handling. Therefore the purchaser must the prime mover 
securing such work. 

the cleaning old structures for repainting, this process has 
been more extensively applied, and, therefore, there are better data 
relative such work than the cost cleaning new steel 
the shops. The necessity its use preserve old structures requir- 
ing repainting more apparent than the more remote future saving 
the expense its application for repainting, much smaller 
outlay secure thorough cleaning before erection. 

During the latter part March and the first two days April, 
1897, the bottom the United States Steamship Atlanta was cleaned 
the United States Navy Yard, Brooklyn, means the sand-blast, 
the plant used being furnished Ward and Nash, Whitehall 
Street, New York City, who had the contract for the work. Its cost 
was 4.24 cents per square foot; but the work was done more 
less experimental basis, and, with the added experience the past 
six years, and more perfect plant, could probably done for much 
less. 

The work done the One Hundred and Fifty-fifth Street Viaduct, 
New York City, the direction North, Am. Soc. 
E., Consulting Engineer, during the year 1897, familiar all.* The 
cost this work was reported averaging about cents per square 
foot, ranging from cents, the first, down toa little less than 
cents, the latter part the work cleaning ft. surface. 
The pressure compressed air then used was only about lbs. 
the sand-blast apparatus, which without doubt too low pressure 


Engineering News, September 23d, 1897, 198; Engineering Record, September 
25th, 1897, 356; and other engineering periodicals. 
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for the efficient removal scale such had accumulated there. 
would seem, from recent experience, that pressure would 
have been much more effective. This true, because the viaduct was 
covered considerable extent with heavy rust scale and four layers 
old paint, and pressure lbs. would have made the sand 
projectiles much more efficient breaking and throwing off such 
scale. Evans, Assoc. Am. E., who was immediate 
charge, estimated that the 600 000 sq. ft. the painting surface 
the viaduct could cleaned for about 7.5 cents per square foot. 
quite probable that this could done now half that estimate, 
least all portions the viaduct except the members having very 
small extent surface, where much sand and air are wasted missing 
the steel along the edges. 

The next work this kind reported upon was the cleaning the 
iron lock-gates and portion the aqueduct the Muscle Shoals 
Canal, during the years 1898 and 1899, under the engineers the 
United States War Department. The first report this, made before 
its completion, found the House Documents for 1898-9.* This 
covers the work done June 30th, 1898; and, page 1926, Major 
Kingman states that the cost for cleaning was about 2.3 cents per 
square foot. the Sydney Williamson, Am. Soc. 
E., the completion the work 1899, the cost clean- 


ing 664 sq. ft., and painting with red lead, stated 


per square foot. Allowing reasonable amount for the painting, 
probable that cents per square foot would very near the cost 
the cleaning alone. this case the plant was erected barge, 
roofed over, and was very well arranged accomplish the work. The 
cost the plant was included this statement, and the same plant 
could used for continuing such work. This cost was about one- 
third the whole cost cleaning and painting. 

During the year 1899 the Pittsburg, Cincinnati, Chicago and St. 
Louis Railway Company used the sand-blast for cleaning the columns 
and girders supporting its buildings over the railroad tracks, along 
the east side the High Street Viaduct, Columbus, Ohio. The 
girders support brick arches, and there are buckle plates. They 
are subjected the blast, gases and steam from the large number 
locomotives passing and from the Union Depot, and freight and 


War Department Reports, Engineers, Part 1925 seq. 
Engineer’s Report, Part 2289, House Doc. for 1899 1900, 
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switch engines passing under them frequent intervals. 
pany also cleaned part all bridge Akron, Ohio. accurate 
account was kept the cost and the area cleaned; but, from the best. 
available information, estimated have been about cents per 
square foot. Newhouse, the inventor and patentee the New- 


house sand-blast, foreman for this company, and his apparatus was 
used doing the work. 


This com- 


The City Columbus, Ohio, has six viaducts the vicinity the 
Union Station, which the streets pass over the railroad tracks. All 
the railroads passing through the city, except one, enter and leave the 
Union Station under the Fourth Street Viaduct near the east end, and 
the High Street Viaduct near the west end; and some them pass 
under each the other viaducts, one the west and three the 
southwest from the High Street Viaduct. Besides the freight and 
passenger trains passing under them, much switching done under 
each the yard engines. Hence, all these viaducts have been attacked 
seriously rust and corrosion; and, the portions most exposed 
the blast, steam and gases from the locomotives, nearly all the paint 
has been destroyed and the metal consumed considerable extent. 
The Fourth Street Viaduct has been injured most, and two years ago 
was cleaned hand and repainted. This viaduct was erected 
1891, and was repainted June, 1894, September, 1896, and again, 
the time above mentioned, the fall 1900. When the last re- 
painting was progressing was found necessary replace with new 
ones seventeen the 7-in. [-beams supporting the plank floors the 
sidewalks over the tracks most used freight trains and yard engines. 
Fig. Plate XVI, from photograph three these [-beams, 
taken after their removal, after nine years’ service. the time this 
was done, the lower flange-angles many the stringers supporting 
the buckle-plates under the roadway had been rusted away until very 
thin; and places the horizontal legs the angles had been partly 
eaten away, narrow them about half their original width. 
These, however, were still considered sufficient section last for 
time, and were not replaced then. The viaduct was painted under 
contract, and considerable care was taken trying clean 
thoroughly possible with steel scrapers, brushes, chisels and ham- 
mers. The hammers were often vigorously used jar the scales 
loose blows against the steel, and then scrapers, chisels and wire 
brushes used complete the work. 
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that time the sand-blast was suggested the Engineering De- 
partment, but was not used. thorough work could done, 
many scales, tightly cemented the steel that they could not 
detached, were loosened, upon the application the first coat paint, 
the softening effect the oil acting upon the cementing rust. The 
paint then applied began scale places within six months there- 
after, partly due the inferior quality the first coat paint and 
partly the rust, soot and scale left upon the steel when repainted. 
The flange-angles the floor stringers continued waste away, and, 
the summer 1902, was found necessary replace, new 
ones, the two angles the lower flange each ninety floor string- 
ers. The need this apparent from Plate XV, which pho- 
tograph some the angles taken after their removal. 

The new angles were surrounded with covering 
cement mortar, mixture, about thick. This was rammed 
under the lower surface each beam, between and plank 
form, which was left hold against the steel until had set for 
hours. wire netting, four meshes the inch, secured sheet-iron 
fasteners placed the rivets they were driven, was placed 
surround the lower flange-angles before the cement mortar was applied. 
The cement covers the angles and netting completely, and expected 
protect them from rust. After seven months the cement still 
intact, and shows sign cracking. 

view the rapid deterioration the viaducts the city, and 
the prospect having replace them few years unless some- 
thing were done arrest it, the city authorities were induced adopt 
the sand-blast means cleaning them before repainting. Julian 
Griggs, Am. Soc. E., Chief Engineer the Department 
Public Improvements, had been very earnest the advocacy this 
course, believing the only one that would effective. 
Accordingly, November, 1901, the work was commenced the 
Front Street Viaduct, over the Little Miami Railroad, and 600 sq. 
ft. were cleaned and repainted, under the supervision the writer 
engineer charge. When the weather became suitable forit, April, 
1902, the work was resumed and continued this and the other 
yiaducts named until the middle November. 
amounted, all, 135 500 sq. ft. surface. 

data relative thereto are shown Table No. 


The cleaning done 
The cost and other 
Four viaducts and 
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the south span the High Street Viaduct were completed. likely 
that the other three spans the High Street Viaduct, and the Fourth 
Street Viaduct, will cleaned and repainted during the coming 
season 1903. 

was impracticable secure good contract work reasonable 
price, and all the sand-blast cleaning, well the painting, was 
done men hired the day. Two Newhouse sand-blast machines, 
mounted light trucks, that they could moved about and placed 
where convenient for the work, were used cleaning the viaducts 
named Table wire-bound, 1}-in., rubber air-hose, ft. 
length, connected each machine with the 2-in. air pipe. Oldrubber 
hose, which was much cheaper than new, was used for the sand hose, 
part being and part ins. diameter. The nozzles used 
were }-in., extra heavy, gas pipe, various lengths, from 
length least ins. seems direct the blast with more effect 
than shorter one. This was used instead tool steel other hard 
pipe because was believed that would last nearly long and cost 
much less. The average length time one nozzle lasted was about 
hours, shown the length pipe used and the total hours 
run. The nozzle was connected the sand hose heavy, special 
cast reducer, about in. thick. This shown Fig. Plate XVI, 
which also shows blower used the High Street Viaduct. This 
reducer was made thick, sustain the wear caused the deflection 
the sand into the small nozzle pipe. The most severe wear the 
nozzles ins. from the connection with the reducer. The 
four worn nozzles, Fig. Plate XVI, show the characteristic form 
the failure the nozzles when worn out. the right was 
selected rare exception, being worn out the outflow end. 
The three-part nozzle the left wore out toward the center, and also 
just outside the bushing, which the three }-in. pipes were set 
with babbitt metal. This nozzle was made only for the purpose 
test, which recorded Table No. After the test, was used 
until worn out, and lasted, all, hour and minutes. 

will noted that the sand, passing from the large sand hose 
the small nozzle, deflected produce cross-fire, striking 
with greatest force against the sides the small pipe near the reducer 
end. like wear upon the rubber sand hose occurs near its connec- 
tion with the pipe from the machine, which 1}-in. pipe, and the 
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spreading out the sand form the larger stream causes strike 
against the sides and then follow the direction the hose. 
One foot length, sometimes little moré, cut from this end the 
hose occasionally, fitted for further use. The length sand hose 
used varied from ft., being regulated the distance the 
work from the place where the machine had placed. the 
machines could not placed upon scaffolding, this work, least 
ft. hose were required nearly all the work, reach from 
the ground the floor system, from ft. above the tracks, and 
some places out over the tracks far ft. 

The nozzlemen should men some judgment and intelligence, 
that they will understand how manage the nozzle make the 
blast most effective. Fig. Plate XVI, nozzleman shown 
costume ready for work. The helmets worn were tin, with cloth 
curtains hanging the shoulders keep out the dust, far pos- 
sible. Instead using wire gauze the helmet, two pieces glass 
were used for the nozzleman see through, because excluded the 
dust more effectually. When frosted over rebounding sand, the 
glasses were removed and new ones inserted. little experience, 
good nozzleman will learn how hold the nozzle any given case, 
varying its distance from the working point according the manner 
which finds operating. Heavy scale requires him hold 
the nozzle close, and light cleaning can done more rapidly hold- 
ing farther away and permitting the blast spread somewhat and 
thus cut wider swath. moderately hard places about ins. 
the proper distance. make clean most rapidly must also 
direct the blast cut swath clean goes, passing: first 
one direction and then the other, across the member being cleaned, 
leave spots which must back and thus waste the 
force the blast clean metal around them. The nozzle should 
generally directed strike the surface slight inclination 
from the normal, say 30° away from the nozzleman, thus blowing 
the dust and sand away. The cleaning should carried forward 
from the nozzlemen, that the blast will always act upon the exposed 
edge seales, rust, old paint, and, getting under any loose por- 
tions, throw them off without first having break them up. 

The compressed air was supplied the Union Depot Company, 
from compressor with air cylinder ins. diameter 
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The number strokes was regulated automatically keep the 
pressure nearly constant. The air was led from the compressor 
large receiver, and then, line 2-in. steel pipe, asmall receiver 
the viaduct where the work was done. From this receiver 
(having capacity about cu. ft.) the air was conducted the 
sand-blast machines. The pressure the machines was usually from 
lbs. The requisite length 2-in. pipe varied from about 
250 200 ft. The small receiver had pet-cock the bottom 
let out accumulated water, and removed much the moisture from 
the air used. 

The compressed air was paid for the city, the rate and 
cents per hour for one machine, and cents per hour for two ma- 
chines operation. For 18% the time only one machine was 
operation. This made the work cost more, because two machines could 
have been operated for about one and one-half times what one would 
cost. foreman, two nozzlemen and three laborers could operate two 
machines and dry the sand for them. The foreman was paid cents, 
nozzlemen cents, and cents during one-half the time 
and, after that, cents per hour. 

The sand used was from Lake Erie. attempt was made 
secure rather coarse, clean and sharp sand; but was times im- 
possible this without some delay, and some the sand used was 
too fine and made much dust account the silt contained. The 
sand was first dried two old locomotive ash pans, with old ties 
for fuel. This required almost constant attendance one man, 
stir and keep from becoming hot make the grains 
and ineffective. 

About May Ist, 1902, the dryer shown Fig. Plate XVII, was 
made fitting sheet-steel hopper old cast-iron stove. The 
wet sand. would not fall through the holes the lower part the 
hopper, but would soon dry. The sand was permitted cool 
for few hours before being used, hot sand caused steam and was 
likely choke the small opening the bottom the hopper, around 
the end the siphon nozzle. The objection this kind dryer 
that the fire-pot, being surrounded sand contact with it, burns 
out Two fire pots were required six months’ service. 

All the viaducts named Table No. have buckle-plate floor sys- 
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tems, exposing large amount steel surface the action rust 
and corrosion. may well state the conditions under which the 
work cleaning had done, order give better understand- 
ing the items making the cost. The data here given may then 
better analyzed and applied any other proposed sand-blast clean- 
ing. The first four viaducts named were erected during 1893 and 1894, 
and all were repainted during August and September, 1896, and none 
them had been repainted since that time. High Street Viaduct was 
erected the latter part 1893, repainted August, 1896, and again 
October, 1899. The cleaning done before repainting, each 
these cases, was only hand-cleaning. All appearances indicate that 
the steel the Front Street Viaduct over the Pittsburg, Cincinnati, 
Chicago and St. Louis, and the Cleveland, Cincinnati, Chicago and St. 
Louis Railways, must have been better condition than that any 
the other viaducts, and better quality paint must have been applied 
the time its erection. This judged largely from the condition 
the portions the viaducts above the level the street pavement 
and protected from the direct action the blast and gases from 
the locomotives. The portions below the pavement, all the others, 
are subjected greater wear the locomotive blast account 
their small clearance above the stacks, their clearance above the level 
the railroad tracks being only 16.33 16.75 ft., while this viaduct 
has clearance 20.33 ft. cleaning them, therefore, was 
impossible swing any staging below the clearance elevation, 
the case four them. The Front Street and the Naghten Street 
Viaducts not afford sufficient space above the lower surface the 
plate girders which man can work, and was necessary work 
from movable trestles, about ft. high, made light possible, 
that they could moved off the tracks whenever train engine 
was about pass, and replaced and the work continued when the 
track was clear. This may seen the view the Front Street 
Viaduct, Fig. Plate XVII. 

Under the first three viaducts mentioned Table No. there are 
two main tracks and one side track, with spur track from the middle 
the first, making four tracks under the east half it. The photo- 
graph this viaduct was taken from point very near the outer rail 
the side track and west the viaduct, and does not show the other 
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Chicago St. Louis and Cleveland, Cin- 


146 


4 
3 


PLATE XVII. 
PAPERS, AM. SOC, 
FEBRUARY, 1903. 
LILLY THE SAND-BLAST. 


STREET VIADUCT, 
OHIO. 


OHIO. 


— 
4 
{ 
: 
: 
. 
q : 


SAND-BLAST CLEANING STEEL. 147 


The movable trestles were also used, part the time, cleaning the 
cover plates the bottoms the girders and the portion the work 
along the abutments the Maple Street Viaduct; but large portion 
the cleaning was done from staging resting upon the lower cover 
plates and angles the plate girders. Fig. Plate XVII, shows 
portion the girders and buckle-plate when all except small por- 
tion the buckle-plate and the web the girders, where scale can 
seen, had been cleaned and given coat red lead. Twomore coats, 
paint less susceptible the action combustion gases, were 
applied afterward, all the viaducts. 

secure the safety the men while work these three via- 
ducts, when using the trestles over the tracks, was necessary 
have flagmen give warning the approach trains, that the 
trestles could removed time avoid the danger. the Maple 
Street Viaduct flagmen were not needed for large proportion the 
time the other two viaducts. The cost flagmen alone amounts 
about 0.2 cent per square foot the first two Table No. and 
0.07 cent the Maple Street Viaduct. The time lost account 
trains and switch engines sometimes amounted one-fourth the 
working time. there had been interruption trains, and 
flagmen had not been required, fair estimate, from approximate 
calculations, based records the time lost each day and the cost 
flagmen would reduce the cost the work about the following 
figures: Front Street Viaduct, 2.3 cents; Naghten Street Viaduct, 
cents, and Maple Street Viaduct, 2.45 cents, per square foot. Matched 
flooring screens, fastened with copper nails, were placed immediately 
over the main tracks and under the floors these three viaducts, 
protect them from the blast from locomotives. 

the Front Street Viaduct, over the Pittsburg, Cincinnati, Chi- 
cago and St. Louis and the Cleveland, Cincinnati, Chicago and St. 
Louis Railways, which the clearance was 20.33 ft., the staging was 
supported iron hangers which reached ft. below the lower flanges 
the floor beams. This space, with the ins. more the buckle- 
plates, gave room enough for the work, and the staging still gave 
about ft. more clearance than the Street Viaduct, just east 
and over the same tracks. Fig. Plate XVII, shows part the 
north span this viaduct, over the Cleveland, Cincinnati, Chicago 
and St. Louis Railway tracks. The portion the three heavy trusses 
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above the pavement was very fair condition, and was not thought 
necessary clean with the sand-blast. This saved the cleaning 
000 sq. ft. metal surface this viaduct, while, the others, 
practically all was cleaned. portion this viaduct, shown Fig. 
Plate XVI, not over the railroad tracks, and was not affected 
seriously the remainder the floor system. Some the paint was 
still good, and was not all taken off. This, together with the fact 
that there was not much interruption the work, made the cost 
cleaning, this viaduct, less than any other, all the others 
being much affected with rust, scale and corrosion upon nearly all 
parts them, even above the level the pavement, where protected 
from the direct action the gases. 

The south span the High Street Viaduct, the portion already 
cleaned, over the main freight and passenger tracks, and yard 
engines pass under frequently. The other spans can cleaned for 
very much less than this one. has been estimated men who 
are the employ the Pennsylvania Railway Company that 
average from 250 300 engines pass under this span every 
hours. The girders and buckle-plates were very bad condition, 
and very heavy and exceedingly firm scale had been formed over 
large portions them. This scale was firmly cemented the steel 
the rust and carbonates which had formed. consequence, the 
sand-blast did not blow off much it, nor did work under the scale 
and throw off, the other viaducts. Therefore, cost nearly 
twice much the highest the others, and nearly four times 
much per square foot Front Street Viaduct. The floor system 
similar that the Maple Street Viaduct, the pavement being 
supported seventeen plate girders. Immediately east this the 
structure under the roadway the Union Station, also having seven- 
teen plate girders. The distance over both about 165 ft., and this, 
with the girders extending 3.5 ft. below the floor, causes the smoke 
hang long time between the girders after engine has passed 
beneath. Often, does not clear away before another engine comes 
along and again fills all the spaces with dense smoke. The smoke, 
and the dust from the sand-blast work, therefore, caused great deal 
trouble. was very difficult, and part the time impossible, 
get nozzlemen keep both blasts operation. get rid the 
smoke and dust, electric fan was tried for time, being 
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placed near the abutment between the girders where the work was 
progressing. This kept the smoke from rising, and cleared away the 
dust quite well; but the bearings were injured very much the dust 
and fine sand. Then the blower shown Fig. Plate XVI, was 
made. This was connected with the air pipe rubber hose, 
and compressed air, passing through opening about 
in., and into and through section 5-in. sheet-iron pipe, about 
ft. long, set current air, which, being directed along between 
the girders, was quite effective. One these was made for each 
sand-blast, and they were used for considerable portion the time. 
Smoke and dust, however, would gather behind the blower and 
drawn through times, and was not complete success. was 
effective for distance about ft. 

Another cause the high cost this work was the low pressure 
secured the sand-blast machine during much the time. The 
operation the blowers tended reduce it, and the compressor was 
worked beyond its intended capacity, and was not the time doing 
good work earlier. The average pressure, this viaduct, stated 
Table No. partly estimate, the gauge was broken and for 
portion the time was not use. When less, the sand- 
blast was very slow cutting the scale here encountered; but when 
was much more efficient. Occasionally, when only 
one blast was operation for short time, the pressure would run 
and then the effect was still better. 

From the experience sand-blast cleaning here given may 
stated safely that, for heavy scale and corrosion, situations such 
this High Street Viaduct, pressure from lbs. per square 
inch not any too high. the other hand, very efficient work 
done pressure about 25lbs., where only light scale, rust spots 
and disintegrating paint are cleaned off. The labor costs 
approximately twice much the power, and increase power 
advisable where needed. 


all the cleaning done, the bright surface the steel, having 
almost the appearance frosted silver, was exposed view the 
removal every vestige rust, scale and old paint. The pitted 
portions, with little more brushing, were well covered with the 
paint the others, and, after one year, holds firmly, 
all appearances, when first dried, after being put on. 
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The paint was applied very soon after the sand-blast, and some- 
times curtains heavy muslin were stretched between the painters 
and the sand-blast prevent the dust and sand from interfering with 
the painting. All surfaces cleaned were painted before night, and 
rarely was necessary for the painters work more than hour 
after the sand-blast was discontinued for the day. best work 
with the wind, that will carry the dust and sand away from the 
painters and nozzlemen. 

Some records actual results are Table No, both the 
ordinary work cleaning, and tests which account 
was taken for all the data presented therein. these records 
there are omissions because all the elements were not noted. The 
long-time records give only the surface cleaned, and not the sand used 
the horse-power necessary; and the two, showing results the 
whole work, are included for the sake comparison. these two 
are given some other results calculations, from known quantities 
and records, which represent rates for one sand-blast, although two 
were running about 82% the time. The number hours stated 
obtained adding together the number hours run each machine. 
The tests October 16th and 31st, 1902, were made order determine 
the relative effectiveness nozzles different diameters, from 
insize. The sizes pipe given are the nominal sizes gas pipe, with 
H.” added where extra heavy gas pipe was used, which, 
course, smaller interior diameter than standard gas pipe. The 
last one noted was with nozzle (Fig. Plate XVI), made from three 
gas pipes, one end each being inserted 1-in. bushing, 
and babbitt metal poured secure them there. While only made for 
experiment, this nozzle gave very good results, having the 
highest rate cleaning, square feet perhour. used considerable 
sand, about the same the pipe, but cleaned nearly one-half 
more. 

All these tests were made the High Street Viaduct, where, for 
all them, the corrosion was, nearly possible, the same 
character. cleaning are low, because, this viaduct, the 
scale hard. These tests nozzles were made with sand hose 
length. the nozzles for these eight tests were ins. long. 
will seen from the results that the 4-in. extra heavy pipe, which 


-is in. when worn out, about the proper size for this kind 
work. 
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Improvements can certainly made this apparatus. Some 
the appliances were made experiments, and are rather crude. One 
observation may made which will occur all, that more sand- 
blasts might added with advantage, sufficient power run them 
were provided. The work Columbus was limited two machines, 
account the small capacity the Perhaps 
pipe convey the air would have added the pressure the 
machines, and the effectiveness the sand-blast. For ordinary 
cleaning bridges and other structures, not subjected such hard 
treatment viaducts situated where much exposed the blast and 
gases from locomotives, safe say that, with more perfect 
equipment, sand-blast cleaning can done from cents per 
square foot. The advantages anticipated for this kind cleaning, 
especially where almost necessity, because nothing else will the 
work thoroughly, are gained careful inspection intervals 
after done, and the repainting, with ordinary, good hand-cleaning, 
before the paint has been worn off set the vigorous rusting 
process which comes when air and moisture get the metal. such 
locations the viaducts Columbus seems the only thing 
that will the work. For future construction similar locations 
let every engineer beware the use steel exposed locomotive 
blasts, these will wear out any paint. The life those structures 
already existence,and others which may built the future, should 


extended long possible the use the best means that can 
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THE FILTRATION WORKS THE EAST JERSEY 
WATER COMPANY, LITTLE FALLS, 
NEW JERSEY. 


The East Jersey Water Company, 1897, commenced the develop- 
ment new source supply from the Passaic River, Little Falls, 
J., about miles above Paterson. The pumping station, which 
was completed the autumn 1899, has capacity 000 000 
galls. daily. combination water- and steam-power plant, the 
pumps being placed between the turbines and steam engines, and con- 
nected that either water steam power, both, may used. 

present, average daily quantity about 000 000 galls. 
water pumped this station. Approximately, this quantity has 
been pumped regularly since November, 1899, and supplied cities 
having aggregate population about 450000. About 000 000 
galls. daily are supplied Jersey City, accordance with tem- 
porary contract with the Water Company which terminates the end 
1903, following the completion the new gravity water supply now 
papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers with discussion. 
full will published Transactions. 
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being constructed for that city the Rockaway River, near Boonton, 
About 000 000 galls. daily are supplied from this station 
the cities Paterson and Passaic. the close the Jersey City 
contract, filtered water from Little Falls will supplied, several 
towns and water companies, through the conduit now used deliver 
river water Jersey City. Among these consumers are Montclair, 
West Orange and Glen Ridge, which now receive their supply from the 
surplus the Pequannock system, accordance with arrangements 
made the East Jersey Water Company with the City Newark. 
After the present year, the neighborhood 000 000 galls. fil- 
tered water daily will probably furnished from Little Falls. 

The water-shed the Passaic River, Little Falls, has area 
772 sq. miles. large part two important tributaries the Pas- 
saic already appropriated for municipal supplies, namely, sq. 
miles drainage area the Pequannock River, which the source 
supply the City Newark, and 118 sq. miles the Rockaway 
River, above the intake for the works now being built for Jersey City. 
Some the more important features interest connection with the 
Passaic water-shed are indicated Fig. 

There are towns cities discharging sewage into the Passaic 
River within some miles the intake Little Falls. The only 
places the water-shed having sewerage systems are Suffern and Sum- 
mit, the sewage the latter being filtered before reaches the river. 
There are, however, quite number towns and small cities, includ- 
ing Chatham, Madison, Morristown, Boonton and Dover, where there 
are public water supplies, and where some sewage may reach the stream 
indirectly, especially following heavy rains. 

its sanitary character the water the Passaic River Little 
Falls ordinarily very satisfactory, shown numerous analyses 
and the typhoid-fever records the communities which have been 
supplied with that water during the past three years. The average 
annual death rate from typhoid fever during the past three years, 
Jersey City, Paterson, Bayonne and about per 
inhabitants, and case has exceeded for single year. 

The Passaic River water Little Falls not muddy, compara- 
tively speaking, although, after heavy freshets, carries from 100 
parts per million suspended matter. times the water very 
noticeably colored, due dissolved vegetable matter coming from 
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several large swamps situated the upper portions the drainage 
area. Frequently, the water contains quite large amounts 
amorphous matter, consisting principally finely divided organic 
material. Much this seems come from the bottom the stream, 
the water flows for few miles through the Great Piece Meadows, 
just above the intake, where the river has very little slope and where 
deposited sediment the bottom stirred carp and other 
fish. This finely divided amorphous matter, together with the color 
which appears the water, gives times what might called 
appearance, and causes less desirable for domestic 
use than the analyses indicate. 

With the view making the water thoroughly satisfactory 
appearance, and guard against the effect the accidental pollu- 
tion which may possible occasionally, the Water Company investi- 
gated the feasibility filtration works. preliminary report the 
subject was made the May, 1900. 

Before considering this matter detail, will well give 
general description the pumping station and immediate vicinity. 
The pumping station was described Engineering Newsof August 


3d, 1899, which the principal details may found. brief, it. 


may said that the river both power and water-supply 
purposes, conveyed from the river above the Beattie Dam the 
intake gate-house near the pumping station through head-race canal, 
400 ft. length and ft. width. terminates fore-bay, 
the side which spillway, and the end are the penstocks and 
other conduits leading the turbine wheels and the pumps. 

157. the river below averages about 122, giving, ordinarily, fall 
about ft. for power purposes. The the pumping station 
Elevation 132, which also the elevation the suction chamber 
the pumps. the north the pumping station cliff trap 
rock overlying brown stone, the elevation the surface being the 
neighborhood 180. 

The site the pumping station and power-house was reclaimed 
from the original river-bed. will seen from Fig. plan the 
station and grounds, the river turns the north just below, leaving 
area less than acres between the river and the force mains, the 
elevation the surface which was the neighborhood 130. 
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was recommended that the filtration works the American, 
mechanical, type, partly account the great desirability 
removing the high amount color which the river water possesses 
times, and especially grounds economy. was possible con- 
struct mechanical filter plant the small area ground below the 
pumping station, through which water might pass gravity 
the head-race canal and back the suction the main pumps. 
sand-filter plant had been installed, would have involved the expense 
additional pumping station lift the river water suitable 
site upon the cliff above. 

The Water Company, June, 1900, requested the New York Filter 
Manufacturing Company and the Continental Filter Company, shortly 
afterward consolidated the New York Continental Jewell Filtration 
Company, submit outline plans and general estimates cost for 
this project. These were submitted the Water Company Sep- 
tember, 1900, and were referred the writer, who was requested 
supervise for the Water Company the preparation detailed plans 
the Filtration Company, and also prepare specifications. 
gratifying record that the Water Company instructed the writer not 
spare expense making the plant capable giving thoroughly 
efficient service. Mr. Charles Parmelee, Chief Engineer the 
Filtration Company, had the immediate charge the preparation 
the plans. Upon their construction features the writer had the assist- 
ance Fuller, Am. Soc. E., who, later, was appointed 
the Water Company Resident Engineer charge the con- 
struction work. The entire project was designed and built under the 
direction Waldo Smith, Am. Soc. E., Chief Engineer and 
Superintendent the East Jersey Water Company. With the excep- 
tion the machinery and the operating devices, which were designed 
the Filtration Company, the design this plant was the result 
numerous conferences and discussions between the representatives 
the Water Company and the Filtration Company. 

These works, with few exceptions, were built contract. All ex- 
cavation and masonry work the coazulating basin and clear-water 
basin, grading, wis done the Gillespie Company, 
New York and Pittsburg; the filter tanks and the entire superstructure 
were built Mr. Joseph Sharpe, Paterson sub-contractor under 
Gillespie Company; and the entire equipment the filters, includ- 
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ing piping, valves, strainer systems, machinery and devices for apply- 
ing the coagulant and operating the filters, was furnished and erected 
the Filtration Company. 

Construction work was begun early April, 1901, and the end 
that year all masonry work, pipes within the walls the coagula- 
ting basin and the clear-water basin, the filter tanks, and the floor 
the superstructure, were completed. The walls the superstructure 
were barely started. The completion the buildings proceeded very 
slowly, due several interruptions strikes, etc., and was not 
until May, 1902, that the Filtration Company commenced the equip- 
ment the filters. The latter was practically completed August 
1902; but, owing delays securing filter sand, the was 
not placed service until September 4th, 1902. Since that date the 
filters the north wing have been service regularly, and unfil- 
tered water has been delivered consumers Paterson Passaic. 

The filters the south wing have not been placed service, and 
will not until after the termination the temporary contract with 
Jersey City. 


GENERAL DESCRIPTION THE 


These filtration works, which have nominal net capacity 
000 000 daily, and are capable, least for short periods, 
yielding 000000 galls. daily, occupy area 178 219 ft., 


measured the outside lines the foundation walls. Thestructures 


are concrete, with the foundations upon rock average eleva- 
tion 114. the flow line the coagulating basin and the filters 
but little less than that the head-race canal (157), seen that 
the structures are relatively very deep, owing the peculiarities 
the site. Views the works are shown Plate XVIII. 

west end the coagulating and subsiding basin, 130 ft. 
long, ft. wide and ft. deep inside lines, having capacity 
about 750 000 galls. 

the east end the lower portion the structure contains clear- 
water basin Each, average, 124 ft. 
long, ft. wide and ft. deep the maximum flow line for the 
filtered water. The total capacity the clear-water basin about 
500 000 galls. Fig. general plan the coagulating basin and 
clear-water basin. 
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Above the clear-water basin there are thirty-two rectangular con- 
crete filter tanks, ft., and ft. deep, arranged four rows 
eight filters each. The total area filtering surface 520 sq. ft. 
Between each pair rows filters there pipe gallery, which 
the main pipes, with branches the adjoining filters, are placed. 
This gallery about ft. wide and 13.5 ft. high, inside. The ends 
the filter tanks form the upper portion the walls the galleries. 
The lower portion formed walls which extend the bottom 
the clear-water basin, and form support for the filter floors. 
The lower portion these arched out. sectional plan and 
cross-sections the substructure are shown Figs. and 

Over each pipe gallery there platform, level slightly above 
that the water the filter tanks, and which the attendants 
stand when operating the filters. Over each these platforms, and 
extending for width about ft. either side, building. 
These two buildings, each about 140 ft., are called the filter 
houses, and form two wings the main building, with which they 
connect. The remaining portion the filters covered with flat 
concrete roof with manhole over each filter, through which materials 
may added removed. 

The coagulating basin covered with flat concrete roof, which 
forms the floor the main building. This building 132 ft., 
and contains the machinery-room for the rotary blowers, pumps and 
devices for applying coagulant, storage for the same, and also the 
laboratories, offices, tool-room, wash-rooms, lockers, etc. Figs. 
and show plan and section the buildings. 

All machinery operated electric motors, the current for 
which, for the electric lights, furnished generators 
located the main pump-house. 

River water taken from the head-race canal, and delivered 
the filtration works through 66-in. steel main discharging into 
concrete stand-pipe, ft. diameter, located the north end 
the coagulating basin. this stand-pipe the water treated with 
solution coagulant, and, after thorough mixing the natural 
agitation the stand-pipe, passes from the bottom the same 


into the coagulating basin and thence the south end, where, 


the surface, collected perforated pipe, through which 
passes the filters. possible by-pass the coagulating basin, 
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and deliver the water from the upper portion the stand-pipe 
through pipe connecting with the main inlet pipes the filters. 
After passing through the filters the water enters the clear-water 
basin, from which flows through 66-in. steel suction main, encased 
concrete and leading main pumps. Branch suction pipes 
extend from the sump either compartment the clear-water basin, 
with necessary valves effluent-valve well, located outside the 
basin where the branches join the main line. Filtered water from the 
entire plant may taken from either compartment independently 
the other. 

Necessary facilities are also provided for cleaning out the coagulating 
basin, including pump located sludge well the south the 
basin. Arrangements are made which times low water, 
need be, the sediment removed from the basin, well that from 
the discharged wash-water, may settled out catch-basin the 
east the filter plant. The main features the outside piping are 
shown Fig. 


GENERAL FEATURES CONSTRUCTION. 


The coagulating basin and clear-water basin are conérete. Re- 
inforced concrete, after the Ransome system, was used for the con- 
struction the filter tanks, all floors and walls the houses, and 
the roof the filter tanks. wood was used about the buildings, 
except the doors and windows. 

The mass concrete the main walls the substructure was mixed 
the proportion 1:3:7. Atlas cement, exclusively, was used for 
this portion the work. The gravel and broken stone were graded 
with much care, the general range size being from in. ins. 
diameter. The concrete was laid unusually wet. the inside 
the principal walls there facing rich concrete mixed the 
proportions Typical sections the main walls are 
shown Fig. 

the main walls, shown dotted lines Fig. there 
were left seven expansion wells openings, with the intention 
having such cracks might appear the walls confined these 
places, which, later, would filled with concrete. single crack 
developed each four the wells. 

The only crack importance was one about average 
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width, which extended through the expansion well the division 
wall the clear-water basin, across the floor the south basin and 
part way the outer wall the latter the expansion well. This 
was repaired before water was turned on, leaks consequence 
were detected any the walls the coagulating basin clear- 
water basin when the plant was placed service. fact, appre- 
ciable amounts moisture the outside the walls were noticeable 
only two three instances. 

Upon emptying the basins during the past month cracks were 
detected the walls the coagulating basin, but very narrow 
crack was noted opposite the expansion well the wall separating 
the coagulating basin from the south compartment the clear- 
water basin. extends some ft. from the bottom, and, under 
head about ft., water was oozing from the lower end the rate 
about gall. per minute. 

Each filter tank, ft. and ft. deep, was built continuous 
box concrete reinforced with twisted steel roads each direction, 
placed shown Fig. was specified that each these filter 
tanks when started should built continuously until completed. 


The concrete used these tanks was mixed the proportions 


about 1:2:4, and was laid very wet. Vulcanite cement was used 
principally for this portion the work. All the filter tanks were 
plastered the inside with coat rich mortar, the pro- 
portions part cement part sand. The inner walls the 
tanks below the sand surface were roughened stippling with 
wire brush before the plastered sarface had thoroughly set. 
instance have there been any cracks leaks these filter tanks. 

The concrete roof over the filters, which was built part each 
respective tank, ins. thick, supported Ransome concrete beams 

The floor the main building, over the coagulating basin, has 
thickness ins., with Ransome concrete beams spaced ft. apart- 
One end each beam supported the walls the basin and the 
other central Ransome concrete girder, ins., with three 
rods, This girder supported Ransome concrete columns, 
ft. square the base and ft. high. 

The tanks for preparing solutions sulphate alumina, which 
there are two, each ft. deep and ft. diameter, are built Ran- 
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some concrete, and are placed beneath the floor the main house. 

The main house over the coagulating basin, about ft. wide and 
132 ft. long, has hollow concrete walls ft. high. The slate and tile 
roof supported steel trusses. The two filter houses, forming 
wings the main house, are also built with hollow concrete walls. 
order make the buildings harmonize with the pump-house, the 
cement was colored resemble brown stone. 

Expansion joints the walls the buildings were provided, back 
each pilaster, with the view preventing cracks. Very few cracks 
have appeared elsewhere. 

Regarding the specifications, may interest state that the 
Water Company furnished the cement for the substructures, which 
were built strictly accordance with the plans, the Water Company 
taking full responsibility stability and water-tightness. The 
superstructure, including all tanks, was built under guaranty 
these respects. The contractor furnished the cement, and had the 
option increasing the quantities concrete and metal above those 
shown the plans, which were the minimum permitted the Water 
Company. The guaranteed safe loads per square foot were: 800 for 
the floor the filter tanks, 200 lbs. for the roof the filters, 350 Ibs. 
for the floor the pipe gallery, 200 lbs. for the operating platform, 
and 300 Ibs. for the floor the main building. the filter equip- 
ment, the Filtration Company guaranteed specified efficiencies for the 
machinery, and that all devices should perform successfully the work 
for which they were designed, when judged from strictly physical 
mechanical standpoint. The Water Company took full responsibility 
the behavior the plant treating the water. 


DESCRIPTION THE DETAILS THE 


Application Coagulant.—Sulphate alumina used the 
coagulating chemical. received barrels carload lots, and 
stored the main building. The dry chemical weighed and 
dumped into the chutes leading the dissolving tanks situated 
below the floor the store-room. these tanks saturated solutions 
are prepared, and, accelerate the dissolving action, heavy bronze 
stirrers are provided, which revolve slowly the mass chemical 
the tanks. From these dissolving tanks, each which has capacity 
252 galls., the solutions flow through cement pipes the mixing 
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tanks. These are concrete, circular plan, ft. deep, and each 
holding about 000 galls. The saturated solutions are here diluted 
any desired degree the addition filtered water. Uniformity 
strength solutions maintained frequent stirring air 
agitation, the air being supplied from rotary, belt-driven blowers, 
about cu. ft. free air per minute being distributed through 
radial system air-pipes the bottom each tank. 

The solutions are lifted from the mixing tanks, centrifugal 
pumps, the orifice tanks, which are duplicate, built concrete, 
ft.in diameter, capacity 340 galls. each, and situated 
platform the machinery-room, with the line Elevation 170, 
about ft. above the water line the coagulating basin. 

The centrifugal pumps are standard pattern, cast special 
bronze, and are operated direct-connected electric motors. All 
pipes, valves and fittings are hard rubber. All devices are du- 
plicate, only one set being used time. 

The quantity solution pumped from the mixing tanks the 
tank may regulated the latter, approximately, piston 
valve operated float, but always kept slightly excess the 
amount being used, and there overflow pipe through which the 
excess returned the mixing tank. this way there maintained 
constant level the orifice tank, and hence constant head the 
orifice through which the solution passes from the elevated tank the 
raw river water. 

the solution leaves the orifice tank flows into concrete 
funnel the mouth 2-in. pipe, which conveys the discharge 
manifold. The latter located the mouth the main inlet pipe, 
and wrought-iron frame holding grid brass pipes tapped 
into 2-in. brass header. The ins. apart, and each one 
has holes, 6-in. centers, through which the coagulant solution 
discharged. The total number holes this discharge manifold 
100. The manifold hung vertical slides from the stand-pipe, 
and can raised lowered readily means wire ropes and 
windlass. 

Regulation Feed.—At the bottom the orifice tank 
there rectangular slot, made hard rubber and having fixed 
width means slide, which works over the face this 
orifice, the length this opening may adjusted from ins. 
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Adjustment made rod, which connects with the slide the 
tank and passes through the side the tank frame. milled 
wheel fixed bearing, with fine adjusting thread, used move 
the orifice plate. pointer the rod, over fixed scale, indicates 
the length the opening and facilitates adjustment. The orifice 
calibrated for the different divisions the indicator, and diagram 
used indicate the corresponding 

the original design provision was made for series orifice 
plates, each plate contain thirty-two orifices, corresponding the 
number filters. operation was the intention plug many 
these orifices there were filters out service, and have differ- 
ent-sized orifices each the series plates, provide rea- 
sonable range the rate application the sulphate alumina 
the water treated. This design was abandoned, partly account 
the interference with each other the orifices placed fairly near 
together, and partly account changes the edges the orifices 
due fine granular deposits which would probably accumulate there. 

The device which was built satisfactory, but has given 
some trouble, chiefly due inability secure all times volume 
flow corresponding that indicated the length opening the 
orifice. Some difficulties clogging nature were encountered 
first, due principally splinters from the barrels, which passed 
through the screens first used the mixing tanks. 

each the mixing tanks automatic recording gauge which 
makes constant record the solution. For periods 
several hours, the differences the level the solution the tank, 
read from the gauge, give satisfactory record the quantity solu- 
tion used. Owing the size the tanks, however, this does not give 
immediate detection change the rate flow. This informa- 
tion now obtained float the orifice tank, which rings gong 
soon the level the solution the small tanks dropslin. That 
is, the flow interrupted, degree equivalent the full flow for 
less than one minute, the fact announced this gong. Changes 
the rate application the solution are secured ordinarily 
the indicator connected with the calibrated screw for changing the 
length the orifice, but intervals this checked means 
small measuring tank holding about galls., and through which the 
solution passes its way the discharging manifold the mouth 
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the main inlet pipe. With the devices for controlling the coagulant 
solution they now stand, considered that this branch the 
plant under satisfactory control. 

Application Soda Ash.—At times heavy floods the alkalinity 
the river water becomes very low, and rare intervals necessary 
add some alkali order ensure complete decomposition the 
applied coagulant. Solutions soda ash are used for this purpose. 
They are prepared iron tanks, ft. diameter and ft. deep. 
Both hot and cold water are piped these tanks, each which 
there false bottom perforated brass which the dry chemical 
placed. The tanks are then filled from below, preferably with hot 
water, the upward current furnishing sufficient agitation stir the 
solution. Ordinarily, the solutions used contain soda ash. 
From the tanks, the soda solution pumped triplex pump 
operated electric motor, and enters the raw water the main 
inlet pipe about 175 from its entrance into the coagulating basin. 
Black-iron pipe used throughout for the soda outfit. The regula- 
tion the flow the solution obtained entirely the speed 
the pump. 

Cleaning the the bottom the coagulating basin and 
the clear-water basin below low water the river, necessary, 
for purposes cleaning, pump out the contents the lower 
ft. the coagulating basin there sump, located shown 
the plans, which the floor slopes slightly. Cast-iron suction pipes 
lead from this sump vertical centrifugal pumps located 
the sludge pump well outside the main structure, shown 
Fig. There also suction pipe for these pumps extending 
suitable sumps the clear-water basin. prevent any admission 
water from the coagulating basin the clear-water basin, the valves 
from these pipes are designed interlocked. The pumps are operated 
electric motors set platform the well just above high water. 
The discharge pipes from the sludge pumps are arranged allow 
direct discharge the sediment into the river, or, desired, into the 
catch-basin the eastern end the plant, from which the overflow 
reaches the river after leaving behind the bulk the sediment. 

facilitate the removal the last portion the sediment the 
coagulating basin, six hose connections with the high-service filtered- 
water main are distributed around the basin, about ft. from the 
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bottom. Thus far, the water for flushing purposes has been obtained 
opening the gates the bottom the stand-pipe, thus admitting 
raw river water. 

Filter-Strainer System.—The strainer system the floor the filter 
comprises cast-iron header, oval section, ins., running 
lengthwise the tank the center, which are connected 
cast-iron laterals, set 64; ins. from center center. The laterals are 
cemented into the header, and extend the sides the tank, where 
their ends are closed with cement plugs. Into the header and the 
laterals are screwed strainers the Continental type, 64-in. centers, 
there being 316 strainers each filter tank. 

The body these strainers made hard cast brass, and the top 
cupped brass plate. each strainer there are holes, in. 
diameter the top and sides. The neck the strainer brass 
tube, which extends into the cast-iron lateral within in. the 
bottom. This extension tube trap when air applied, and 
the air passes from the lateral through perforation this extension 
tube, in. diameter, and located just below the upper wall the 
cast-iron lateral. 

The connection the strainer system from below through the 
bottom the tank the center, where cast-iron ring set the 
concrete. The central tee the strainer manifold bolted this 
ring the top, and the bottom are fastened the pipe connections 
which provide outlet for the filtered water and the inlet for the 
water and air used washing. means special double pipe- 
casting, air admitted the strainer system the top the central 
manifold tee, internal casting the pipe connection passing 
through the ring casting and into the tee. the lower end the 
opening this internal pipe connected the air supply line, which 
passes beneath the floor the filter the main air line the pipe 
gallery. The outer portion this special casting forms water 
channel, and connected with the pipe passing under the floor the 
filter the pipe gallery, and used outlet for the filtered water 
and inlet for the wash-water. 

The space between the lateral pipes filled with gravel and covered 
with cement surface give level floor just below the strainers. 
The construction was such facilitate, case repairs, ready 
removal and replacement. The cement surface was coated with two 
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layers brick preservative paint, prevent solution the cement 
before had completely set. 

The general arrangement this strainer system shown Plate 
the ordinary rate filtration the linear velocity the water 
the main header the manifold, leaves the filter tank, about 
the laterals, the water enters the main header, 
the velocity about ft. per second. The exit area the orifices 
equal 0.37 sq. in. per square foot filtering surface. 

The size the orifices the strainer system, in., larger than 
the case most mechanical filter plants now service, and 
believed that the resulting freedom from clogging, which, many 
instances, characteristic fine perforations fine slots, distinct 
advantage. necessary, however, with this type strainer, always 
use gravel support the sand and prevent from reaching the 
orifices. The arrangement this gravel described under Filter- 
ing Materials.” 

The total loss head, including both friction and velocity head, 
through the strainer system and outlet pipe, the normal rate 
filtration, galls. per square foot per minute, about 0.7 ft. 

Filtering the floor the filter there are ins. 
broken quartz, above which 5-in. layer finer quartz. The object 
these quartz layers, indicated previously, protect the 
strainer system from the entrance sand into the orifices and through 
the outlet pipe into the controllers. The coarser these two gravel 
layers was passed through screen having meshes the linear inch, 
and was retained having meshes. Its effective size 
4.4 mm., andits uniformity coefficient 1.30. The finer gravel layer 
was screened between and meshes the inch. Its effective size 
2.00 mm., and its uniformity coefficient 1.45. 

The success these gravel layers depends upon the selection 
materials such hydraulic subsiding value that they are not unseated 
when wash-water applied the velocities used, and size fine 
enough prevent the sand from passing through them. 

Regarding the filtering sand, the filter tanks the north wing are 
the only ones which have yet been filled. this was the only 
portion the plant into service during the first year, was de- 
cided that would advisable try different sizes filtering sand 
and then charge the tanks the south wing later date with the 
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material which was found give most satisfactory service under the 
actual local conditions. 

was specified that the filtering sand, which ins. thick- 
ness, should have effective size within the limits 0.35 
with uniformity coefficient not more than 1.50. Not more than 
1%, weight, the sand was allowed finer than 0.25 mm., and 
not more than 0.2% finer than 0.20 mm. 

Considerable difficulty was experienced getting suitable sand. 
The two sand dealers with whom the contract was placed the 
Filtration Company failed deliver the material, and the commence- 
ment operations was delayed fully one month, during which time 
the joint efforts all concerned were devoted securing suitable 
sand from any available source. Part the sand came from near 
Oyster Bay, Long Island, part from Roslyn, Long Island, and part 
from Hanover, N.J. The difficulty consisted principally getting 
sand from which the fine material was properly eliminated. was 
not found feasible, with the screening outfits built and operated 
the several places, remove the fine material screening under 
water. Screening the sand when absolutely dry seemed the 
only thoroughly successful method securing the material speci- 
fied. Sand screening the several places was watched representa- 
tives the Water Company, and Allen Hazen, Am. Soc. E., 
the interests the Water Company, also advised. 

The final outcome was that sand containing considerable excess 
fine material was allowed into the tanks, and the fine particles 
were removed repeated washing the material place and scrap- 
ing the surface layers. many cases much one-third the 
sand delivered was removed from the filter tanks scraping. 
this way satisfactory results were obtained finally. 

already stated, was decided make some differential tests 
during regular operations, order discover the most suitable size 
sand for these filters. was arranged have two filter tanks 
charged with relatively coarse material, two others with relatively fine 
material, and the other twelve tanks the north wing charged with 
material fulfilling the original specifications. summary the 
mechanical analyses the materials the sixteen filters now use 
given Table No. 


The analyses summarized Table No. were made during the 
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second month service the filters. December, about in., 
average, was scraped from the surface the filters. Analyses now 
being made indicate that the effective size, average, has increased 
about The analyses given Table No. are representative 
the conditions under which the results operation recorded this 
paper were obtained. 


TABLE No. THE MECHANICAL ANALYSES 
SANDs. 


PERCENTAGE FINER THAN: 
Effective size, 


Number filter millimeters Uniformity 
coefficient. 
(10% finer than.) 0.25 0.20 


OW 


The loss head due friction ins. sand normal size 
(effective size 0.41 mm., and uniformity coefficient 1.45) when clean 
1.1, 1.7 and 2.6 ft., respectively, for rates filtration 80, 125 and 
185 millions gallons per acre daily. For the coarse sand (effective 
size 0.46 mm., and uniformity coefficient 1.40) the loss 1.4 ft. for 
rate 125 000 000 galls. per acre daily. 

Wash- Water Appliances.—Wash-water ordinarily applied the 
filters centrifugal pumps operated direct-connected motors, 
and which take their supply from the clear-water basin below the 
filters. One centrifugal pump and motor placed the bottom 
each pipe gallery. These pumps have 000 galls. per 
minute. The piping cross-connected, that either pump may 
used for washing one filter time either wing. The wash-water 
lines are also connected with the force mains leading from the 
pumping station the distributing reservoirs the districts sup- 
plied with filtered water. connection the high-pressure 
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line are pressure-reducing valves. the filters are now operated, 
head about ft., measured from the floor the filter tanks, 
maintained the main wash-water line. 

When the wash-water applied the filters enters the filtered- 
water outlet pipe, passes through the manifold pipe the strainer- 


system, and thence through the strainers themselves into and through 
the sand layer. The dirty wash-water removed, part, through 
lateral gutters about ins. cross-section, placed along the sides 
each filter tank, and formed steel plate attached the ledge 
provided the masonry walls. There also central gutter, 


about sq. ins. cross-section, extending from the rear the 
tank and discharging into the front gutter about 140 sq. ins. 


cross-section, extending across the end the filter, and which 
receives also the flow the lateral gutters. The distance from the 


top each these gutters down tothe surface the sand layer, 
when the filter regular service, about ins. 

The dirty wash-water leaves the filter through the inlet pipe, 
which there branch leading the sewer. The wash-water system 
was designed for application wash-water vertical velocity 
about ft. per (equal about galls. per square foot per 
minute). The carrying capacity the lateral and central gutters 
somewhat less than was expected, and when the wash-water applied 
the foregoing rate weir action not obtained for the full length 


the lateral gutters. was found, however, owing the fineness 


and low specific gravity the materials removed from the water 
filtration, that lower velocities for the wash-water are more advan- 


tageous than was expected, from experiences with filters treating 
muddy waters the South and West. Accordingly, these gutters 
have worked reasonably well, under the existing conditions. 
planned, however, raise them some ins. and increase cor- 
the thickness the sand layer, soon additional 
filtering material may conveniently obtained. 

The devices for facilitating the operation washing the filters, and 
the general procedure which being followed, are considered further 

on. 


Agitation the Sand Layer.—Compressed air, under low pressure, 

used agitating the sand layer and facilitating the removal the 
accumulated materials during washing, place the mechanical 
stirring devices with rake arms, such have been used the majority 
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filter plants now service. the machinery-room there are two 
No. Root’s rotary blowers, standard make, direct-connected with 
electric motors. Each has guaranteed capacity 1500 cu. ft. 
free air per minute, under pressure 5lbs. From the main air line, 
running lengthwise each pipe gallery, there branch each 
filter, passing beneath the filter floor and entering the special casting 
below the center the floor the filter. The air delivered the 
top this casting, thence passes through the manifold piping system 
the trapped strainers, next through small orifice the strainer- 
tube extension near the top each lateral pipe, and thence through 
the several strainers. The rate application air used ordinarily 
about 000 cu. ft. per minute, under pressure lbs. The dis- 
tribution the air through all the strainers uniform satisfac- 
tory degree, and agitates the sand bed efficiently, causing the grains 
rubbed together, and with facility freed from the films organic 
and other matters which surround the individual grains. 

instance agitation with air used the same time that the 
wash-water applied filters. The application air forms the 
first step the process cleaning, and then, after the wash-water 
has been applied secure fairly thorough cleaning, the air has been 
again applied for about one minute effect further cleansing. 
the air the water stands the filters about 
ins. above the top the sand surface, ins. below the top the 
gutters. The applied air raises the sand layer about ins., 
but does not cause the entire mass become floated the 
process washing. Water always used after the last application 
air, and thus the sand layers are freed from any entrained air. 
The application air the manner described does not effect any 
appreciable grading the sand grains. 

Filter Piping and Connections.—Plate XXI shows plan and 
section indicating the size and general arrangement the piping, all 
which placed within the pipe gallery, together with the con- 
nections the filters. The sizes the leading pipes are follows: 

Main raw-water supply...... 


Individual filtered-water 


4 
8 66 f 
20 
10 a 
6 
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The main inlet pipe riveted steel, and carried hangers 
attached the Ransome beams supporting the operating floor. All 
other pipe Flange valves were used throughout, but 
hub and spigot joints were put wherever possible, both account 
cost and the greater ease erection and connection the masonry 
structures. was the aim, also, distribute the flange and hub 
connections that the event break the broken would 
most easily removed. 

filter provided with automatic con- 
troller, the well-known Weston type, consisting essentially 
moving orifice operated float open compartment. The water 
enters the controller through butterfly valves, which are operated 
the float. The action these controllers maintain uniform 
rate discharge, independent the head the outlet pipe. Ac- 
cordingly, the filters are always operated during filtration with the 
valve the outlet pipe wide open, and the flow controlled 
automatically this device. 

Orifice discs different sizes are provided with each con- 
troller, giving yields about 000 000, 250 000 and 500 000 galls. 
per filter per hours, respectively. There are also few special discs 
give daily yield 650 000 galls. 

The head lost these controllers, measured from the water 
level the outlet stand-pipe (when the float the controller 
seated) the top the pipe gallery floor, about 2.5, 3.0, ft., 
when the yields the filters are 650 000, 000 000 500 000 galls. 
daily, respectively. 

These controllers are placed the the filter gallery, 
and discharge the filtered water through outlet pipe directly into 
the clear-water basin below. means galvanized-iron funnel 
and cross-connection pipe, the water from any filter may discharged 
into the opposite compartment the clear-water basin when desired. 

Hydraulic the valves the filter piping are Rens- 
selaer make, are generally light-weight, double-disc gate-valves, and 
are operated hydraulic cylinders. The valves the wash-water 
line are all heavy weight. The water operate these cylinders 
furnished separate, high-service line, the connections from which 
are controlled special four-way cocks. They are operated 
levers, with indicators showing the position the valves, conveniently 
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located the operating table front each filter the platform 
above the pipe gallery. 

Loss-of-Head Gauges.—On each operating table there loss-of- 
head gauge, the dial which operated float the water above 
the sand layer the filter, and the pointer which operated 
float small stand-pipe connected the outlet pipe through which 
the filtered water passes the controller. These gauges, which were 
designed and made the Filtration Company, are somewhat novel, 
that there automatic adjustment the zero point the gauge 
different water levels the filters. means this adjustable 
dial the reading the pointer gives the frictional resistance, loss 
head, the filter any time. Electrical connection made when 
the loss head reaches the maximum, that bellis rung and 
electric light turned on, thus warning the operator that time 
wash the filter. 

Available Head.—The gross head available, measured from the top 
the filter tanks tothe maximum water level the clear-water basin, 
ft. Ordinarily, the water level the filters kept about ft. 
below the top the filter walls, giving available head ft. 

filter containing normal sand, and operated the regular 
rate 000 galls. per hours), the loss head, directly after 
washing, averages 2.3 ft. Adding this the head lost the con- 
troller, there left net effective head 7.7 ft. for overcoming 
the friction caused the accumulations sediment, etc., the sand 
layer. With filter containing coarse sand (0.46 mm. effective size), 
and operated the regular rate, this effective head With 
filter containing normal sand, and operated rate 500 000 galls. 
per hours, the net effective head ft. 

Arrangement Devices for Operating the Plant.—Unusual attention 
given making the operation this plant automatic prac- 
ticable, with provisions for indicating the man charge the 
status the various operations all times. 

Mention has already been made the devices connection with 
the preparation and regulation the flow the chemical solutions, 
the automatic filter controllers, hydraulic cylinders for the operation 

the valves, and the loss-of-head gauges. addition these the 
detailed arrangements include gauges for indicating the water levels 
the coagulating basin and clear-water basin, and devices for sampling 
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the water passes through the plant. the general office are two 
glass cylinders through which pass constant streams raw and filtered 
water. 

Each filter provided with arrangement which sample 
filtered water from may collected readily any time. the 
pipe gallery opposite the outlet pipe each filter small Pelton 
water-wheel operated from the high-service line. This wheel operates 
two centrifugal pumps, the suction one which the filter 
outlet pipe, and the other the filter inlet pipe. The discharge 
each piped the operating table, where there are cocks the 
pipes control the flow intoasink. These devices enable the oper- 
ator collect each filter samples the raw water its way the 
filter, the filtered water leaves the filter, the dirty wash-water 
after leaves the filter during the washing process. There are, also, 
each operating table, sight tubes, the intended purpose which 


show the character the filtered water, the raw water, the dirty 


wash-water, the case may be. These devices for inspecting the fil- 


tered water and collecting samples have proved very helpful. The 
sight-tubes, however, they now stand, have not proved very satis- 
factory, owing the illumination being furnished lamps which are 
not suitable. The intense brown appearance the dirty wash-water, 
due the organic matter contained therein, makes improbable that 
the sight-tubes will ever much assistance this plant deter- 
mining when the application wash-water should cease. This can 
found much better inspection the water the filter tank 
itself, which illuminated electric light favorably situated. 
Plates XIX and show the general arrangement the filter- 
house and the marble operating tables placed opposite each filter. 


DESCRIPTION AND RESULTS OPERATION. 


brief terms, the general procedure operating mechanical 
filter plant this character may said consist the preparation 
solutions coagulating chemical, the application the same 
the river water quantities adapted its character, the cleaning 
the filters from time time when the clogging materials the sand 
layers exhaust the available head, and the adjustment the number 
filters service yield the quantity filtered water correspond- 


ing the demands made upon the clear-water basin the main 
pumping station. 
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With plant equipped with such automatic devices are provided 
these works the operation the filters themselves simple matter, 
and can entrusted ordinary intelligent laborers, subject 
the oversight foreman. The preparation and application solu- 
tions coagulant require somewhat more attention, and, done 
effectively, and the same time economically, there required the 
attention intelligent and watchful superintendent capable 
taking advantage certain amount analytical evidence showing 
from time time the character the water which has treat. 
There are, course, some other matters occasionally requiring atten- 
tion, such the cleaning the coagulating basin, the packing 
valves, and other work incidental such system piping and 
mechanical appliances. 

These filtration works, already stated, have been continuous 
service since September 4th, 1902. During the first year service 
this plant being operated under the general oversight the writer, 
and during the first six months has been under the immediate charge 
Mr. George Johnson. 

The object conducting:a series careful investigations the 
plant during its initial year service obtain information whereby 


the plant can operated best advantage the treatment the 


locul water passes through its various seasonal changes, and espe- 
cially ascertain the most judicious manner coagulating the water 
and washing the filters, and prepare schedules whereby the 
regular attendants may operate the plant properly, later date. 

already stated, the filter tanks the south wing have not yet 
been charged with sand, and among the special studies undertaken 
that the determination the size sand best adapted local 
conditions. These and other matters led establishing the outset 
aschedule which involved the determination data upon several 
points importance. 

Differential the sixteen filters the north wing 
have been used regularly for obtaining data for differential compar- 
ative purposes. They consist six pairs, duplicate. One pair 
contains the normal sand originally specified, another coarse sand, 
another fine sand, another normal sand operated high rate, and 
another normal sand operated The final pair contains 
normal sand which air used cleaning layers. Wash- 
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water and air are applied the same manner the five pairs filters 
first mentioned. Unless otherwise stated, filtration normal, 
125 000 000 galls. per acre daily, about galls. per square foot per 
minute. The remaining filters the north wing, when service, are 
used for studying the best rate application wash-water and 
air, and other allied matters which can taken individual 
studies. 

The essential details the twelve filters used for differential pur- 
poses are indicated Table No. 


Filter Effecti imate 
ective rox 


per minute. 


Coarse. 0.44 Yes. 125 
Coarse. 0.46 1.50 Yes. 125 

Fine. 0.37 1.38 Yes. 125 

Fine. 0.35 Yes. 125 

Normal. 0.40 Yes. 125 

Normal. 0.42 1.48 Yes. 125 
Normal. 0.39 1.50 No. 125 
Normal. 1.50 No. 125 

Normal. 0.40 1,42 Yes. 
Normal, 0.41 1.46 Yes. 1.25 

Normal. 0.41 1.44 Yes. 185 

Normal. 0.41 1.44 Yes. 185 


Force Employed.—Owing the amount work involved the 
special tests, together with all other special studies indicated herein, 
the force employed the operation these works, the present 
time, has been considerably excess that which will suffice later. 
also borne mind that the outset the attendants 
employed for the operation this plant were entirely unfamiliar with 
the operation mechanical filters, and that there has been necessary 
period instruction during which was important not require of. 
the men more detailed observations than they could readily make. 
Thus far, Mr. Johnson has been assisted nine men, three whom. 
were technically trained. the latter, one devoted himself exclu- 
sively engineering matters and the compilation results, one 
analytical work, and the third general work both the laboratory 
and operating the plant. There one filter attendant each 
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watch twelve hours, and one man the machinery-room. There 
also one mechanic duty during the day, and one boy, general 
helper the laboratory and janitor. 

When the plant operating full capacity the future, 
expected that there will two trained men, say, superintendent and 
assistant superintendent, both whom will familiar with 
ordinary analytical matters, and two filter attendants and one attend- 
ant the machinery-room, each watch. Besides these there will 
janitor laboratory helper. times there will required 
some service mechanic, connection with the machinery, but 
expected that this can attended the mechanics employed 
the pumping station nearby. Assuming that required 
the service mechanic equal continuous labor one man per 
day, the total force employed, with 12-hour shifts, would ten 
men, including the man charge and his principal assistant. 

Observations and Analyses Made.—A close watch has been kept upon 
all principal features connected with the operation these works. 
Hourly readings the levels the water the coagulating basin and 
clear-water basin, and the coagulant solution tanks are taken 
and recorded, well the loss head indicated the gauges 
each service. Careful records are also made all obser- 
vations connected with the washing filters, enabling continuous 
and complete record for each filter, periods 
between washings, the quantity water filtered and the amount 
wash-water and air applied. 

Regarding analytical work, samples the river water and the 
effluents the coagulating basin and the clear-water basin are col- 
lected three times day, examined for numbers bacteria, 
amount turbidity, color, amorphous matter and alkalinity. The 
water before and after filtration also examined for color and 
turbidity 2-hour intervals. least once each day, sample 
from the effluent each individual filter service examined bac- 
terially. From time time samples the filtered water from each 
filter turn have been collected frequent intervals, show the 
uniformity composition the filtered water. frequent intervals 
most careful tests have also been made the presence 
coagulant the filtered water. Once week, rule, chemical 
analyses the raw and filtered water have been made. addition 
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this, many special observations have been made, order throw 
light upon such matters the best manner washing the filters, 
judged the rate which the clogged materials were removed from 
the sand layer, shown the character the dirty wash-water. 
Frequent analyses the sand layers have also been made, not only 
for their contents bacteria and suspended matters, but also 
show their uniformity size indicated mechanical analyses. 


February 1st, the amount analytical work performed 
indicated Table No. 


Complete chemical 


Partial analyses, for alkalinity, alumina, color and 
Other special analyses, including specific gravity 
Complete microscopical examinations............. 
Partial examinations for amorphous matter........ 148 


Examination for numbers bacteria 


Record record the principal results obtained 
given Tables Nos. and 

Table No. 4is the leading results days, including 
the amount coagulant applied, the percentage wash-water, and 
the alkalinity, turbidity, color, amorphous matter and bacteria the 
river water, the effluent the coagulating basin and the effluent the 
filters. 


Table No. shows the results the chemical analyses the raw 
and filtered water. 

The number microscopical organisms the river water has. 
ranged from 200 per cubic centimeter. 

Coagulant.—Sulphate alumina the coagulant which has been 
used regularly thus far. Arrangements have been made for the appli- 
cation copperas and lime, with the view seeing such treat- 
ment applicable for purposes coagulation under the existing 


local conditions, and, so, ascertain the cost, compared with 
sulphate alumina. 


i 

echanical analyses filtering material........... 
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Summary LEADING AVERAGE RESULTS OPERATION. 
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Summary LEADING AVERAGE RESULTS OPERATION. 
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Day, Sept., Turbidity. Color. Bacteria. 
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standard units, according Whipple’s method. Standard nutrient gelatine, reaction 
acid, used determining the numbers bacteria, the period being hours, 20° Cent, 
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Summary LEADING AVERAGE RESULTS OPERATION. 


PER MILLION. CENTIMETER. 


{Papers. 


water. 


Alkalinity. Turbidity. Color. 


Percenta 
Sulphate 
alumina. Grains 
per gallon. 
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Period between 
washings. 
Percentage 
wash-water. 
Sulphate 
alumina. Grains 
per gallon. 


. 
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Summary AVERAGE RESULTS OPERATION. 


PER MILLION. 


Alkalinity. 


River Subs. 


Filt. River 
water. water. 


Per CENTIMETER. 


Amorphous 


water. | water. | water. 


Com 


AA 

Q 
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TABLE No. 


o 
Day, Jan., Alkalinity. Turbidity. Color. Bacteria. 
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(Parts per Million.) 


IZM... |B 12 | 4 | 55 | 7.6] 0.191] 0,014] 0.177] 0.086) 0,008) 0.018) 8.0} 8 8 | 24 |.27 | 71 2 | 69 | 0.4) 10 

0; 1.1; 0.015)......]......| 0.008} 0.000; 0.085; 1.7] 18 ee 

4 | 26 | 5.1) 0.014) 0.002] 0.012) 0.001 0,001, 0.150) 3 7; 24) 81] 5 | 59 | 0.2) 12 

| 0; 5& | 1.8] 0.005} 0.004) 0.250) 8.0) 12 | 18 | 11 | 24 | 51 |..../... | 0:0 12 


December and 24th, the river-water sample was collected place before the application soda reached the water. 


The river water has vegetable musty odor, usually very slight; but, occasionally, during the autumn, was quite pronounced. After 
filtration the odor the water somewhat less than the river water. 

The river water and filtered water contain, approximately, the same quantity dissolved oxygen. October the quantity was about 60% 
that required for saturation. Since cold weather set in, the water has been nearly saturated with atmospheric oxygen, times completely so, 
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Solutions sulphate alumina have usually been prepared 
strength. When the full plant operation stronger solutions 
will used. The diluter solutions are now used for purposes 
securing better control the rate application with the devices 
hand. 

The sulphate alumina obtained from the Pennsylvania Salt 
Manufacturing Company, and costs about cent per pound. con- 
tains free sulphuric acid, practically sediment, and about 
water-soluble aluminum oxide, with traces iron. 

February 1st, the quantity sulphate alumina applied 
the river water averaged 1.30 grains per gallon. Computed from the 
filtered water, the quantity was 1.35 grains per gallon. The range 
quantity applied was from 0.29 2.01 grains, depending principally 
upon the amount color and amorphous matter contained the 


‘raw river water. Some evidence the relation between the required 


amount coagulant and the removal color, bacteria, etc., under 
different conditions indicated further on. 

Soda.—The alkalinity the river water became low, compared 
with that necessary for the decomposition the sulphate alumina 
required for the treatment the freshet water, during the latter half 


December, and from December 17th 30th, inclusive, there was 


applied soda ash, ranging quantity from 0.16 0.63, 
and averaging 0.49 grain per gallon. During this period there were 
numerous occasions when the composition the river water changed 
quite rapidly, and for this reason was considered wise apply soda 
somewhat larger quantities and for somewhat longer period than 
would appear called for inspection the data Table 
No. these occasions was imperative that analyses the river 
water made from time time throughout the entire hours. 
was the endeavor apply soda that the final filtered water would 
times contain least parts per million alkalinity, capable 
decomposing more than grain sulphate alumina per gallon. 

Efficiency Coagulating Basin.—In Table No. given monthly 
summary the principal constituents the river water before and 
after passed through the coagulating basin. The average period 
coagulation also noted. 

Cleaning the Coagulating Basin.—The coagulating basin was first 
cleaned November 10th, when there were about ft. accumu- 
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lated sediment sludge the bottom. This was removed 
draining and pumping out the sludge the lower portion the 
basin, river water being applied from time time opening the 
gates the bottom the stand-pipe the north end. The sludge 
was liquid its character, that formed apparently layer 
uniform thickness over the entire bottom, excepting perhaps over 
limited area near the inlet. 


TABLE No. SHOWING THE EFFICIENCY 
THE COAGULATING 


a2 j 


January 13th the coagulating basin was again cleaned out, and 
was found that there was layer sediment about ft. thick- 
ness. The character this sludge was examined more carefully than 
the former occasion, and, from numerous samples, was found 
contain about water and 13% dry solids. the latter, 
about was found aluminum hydrate; the remainder consisted 
the various matters removed from the river water. 

There was some decomposition going the organic matter 
the sludge, removed, both occasions, particularly November, 
indicated the odors the basin during cleaning. There was 
sign, however, such decomposition might classed septic 
action, and the sediment place had turned black, has been 
noted some instances, elsewhere. 

Method Washing the studies have been made 
the best rate and pressure for the application the wash-water, 
and also the application air for purposes agitation, well the 


| 
| 
| 
| 
; 
2 


194 FILTRATION WORKS. [Papers, 


period during washing when air can most advantageously applied. 
According the evidence now available, the best procedure 
apply air the commencement the washing operation, under 
square foot filtering surface per minute, and for period 
minutes. the commencement the application the air the 
water the filter drawn down about ins. above the sand layer, 
ins. below the overflow gutters. This prevent 
loss sand. Next, there applied filtered water under pressure 
about ft., measured the strainer system, rate about 
galls. per square foot per minute, equal about three-fourths 
vertical foot per minute, and continued until the wash-water, 
leaves the filters, comparatively clean, and sufficiently enable 
the moving particles sand the surface the layer readily 
seen. this plant the wash-water clears quite well-defined 
manner, and, with little practice, the attendants have difficulty 
determining when the end point reached. rule, air has 
been applied second time for minute during each washing, 
followed the application wash-water, remove the air and 
clean the sand the same point above described. During wash- 
ing, the sand layer raised about ins., within ins. the top 
the overflow gutter. The quantity sand lost very trifling. 
The average total time required for washing filter minutes. 
Percentage Wash- Water Used.—The quantity wash-water used 
estimated from the duration its application, and numerous obser- 
vations have been made the rate delivery the wash-water 
pump, with the rheostat the motor set different points and for 
different levels water the clear-water basin, from which the 
wash-water pump takes its suction. Further, these measurements are 
checked repeatedly noting the rate which the water rises the 
filter tanks and also measuring tank the end the sewer line 
into which the discharged wash-water allowed flow. 
Upto February the average quantity wash-water used for 
the entire plant was 4.2% the water treated. 
Comparisons the quantity wash-water required for the so-called 
normal filters, those coarse and fine sand, and those operated high 
and low rates, are containedin No. 


‘ 2 
4 3 


Papers.] FILTRATION WORKS. 195 


TABLE No. THE QUANTITY 


REQUIRED THE OPERATED UNDER DIFFERENT 


(Averages for weeks.) 


Kind sand. Rate filtration. 


Period period service the filters, between 
washings, depends, course, upon the character the water 
reaches the sand layers, and, general, may said bear inverse 
relation the percentage wash-water. Upto February Ist, the 
total average period service between washings the filters was 9.68 


hours. The ordinary range length runs the filters has been 
from about hours. 


TABLE No. SHOWING THE EFFECT AIR 
AGITATION THE PROCESS WASHING. 


NorMAL FILTERS WITHOUT AIR 


Month. 


| 
| 


Effect Air Agitation.—Filters Nos. and 16, without exception, 
have been washed without the application air. yet 
discuss comprehensively the value the air, but inspection the 
sand layers these two filters after washing shows that they contain 

more clogging material than the regular filters indicate 
that the air benefit. November these filters gave shorter runs, 
and required more wash-water, than the so-called normal filters. 


4.4 

4.4 

] 

December 10.76 4.1 9.11 4.0 

14.31 2.9 12.29 2.7 
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inspection all sand layers, that time, with much detail, indicated 
that there was some fine sand accumulated the upper quarter 
inch the majority the filters. This fine sand was scraped from 
the surface each layer. Following that, these two filters, which 
received air, became more normal their operation, regards the 
period service and percentage wash-water. The data thus far 
obtained upon this question are given Table No. showing the 
average length service and percentage wash-water for Nos. and 
normal filters, and for these special filters, Nos. and 16. 

Power Required.—The electric horse-power required for the oper- 
ation each the various devices indicated Table No. 


TABLE No. 

REQUIRED OPERATE THE VARIOUS DEVICES. 
Motors Operate. 


Removal Bacteria.—The thoroughness with which the bacteria 
the raw water are removed these filtration works depends essen- 
tially upon the quantity coagulant applied. 

Table No. shows the evidence the form daily averages from 
the commencement operations date. months, the bacterial 
results, together with the principal information related thereto, are 
shown Table No. 10. 

During each the first three months there were quite number 
occasions when the bacteria the filtered water were somewhat 
numerous due, practically without exception, interruptions the 
proper rate application the coagulant. has been stated already, 
this was due largely obstruction the suction the pumps supply- 
ing the orifice tank, most instances caused splinters from the 
barrels containing the sulphate alumina, and foreign matters, such 
leaves and shavings, getting into the mixing tanks. During this 
period, when the men were being trained the operation the plant, 
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there were several times when these interruptions were not de- 
tected until the coagulating basin had received considerable quan- 
tity river water charged with coagulant. the 
present time these matters have very little significance, owing the 
familiarity with their work, the part the attendants, the use 
more efficient screens keep splinters and other matters from the 
suction the pumps and the orifice tank, the gong which now 
rung float the orifice tank whenever the solution becomes inter- 
rupted for time equivalent less than minute’s regular flow, and 
the measuring cylinder upon the chemical feed pipe, enabling more 
accurate control made the rate application. During the 
month December, was the uniform intention secure high 
degree bacterial efficiency from the filters, and this was done, with 
the exception that the samples obtained from the 8th the 10th 
December were affected interruption the chemical feed. 


THERETO. 
(Averages Months). 


AMOR- 
TURBIDITY. PHOUS 
MATTER. 


During the month January, lower quantities coagulant were 
used intentionally, with the view seeing the efficiency different 
ratios, and, with the uniform rate application coagulant, the 


4 
j 
3 
| 
a 


198 FILTRATION WORKS. [Papers. 


bacterial results obtained during that month are most value for this 
particular purpose. 

Removal Color.—It has been found, result repeated 
examinations, especially noting the appearance the filtered water 
large porcelain-lined bath-tub, that not possible for con- 
sumer recognize any color when the filtered water contains parts 
per million less. parts also practically unnoticeable 
the consumer. These works have been operated with the view 
keeping the color below parts. has been found, however, that 
the quantity coagulant necessary reduce that point prac- 
tically great that required reduce parts. 

Table No. shows the monthly average results the applied 
coagulant, and the color the raw and filtered water: 


TABLE No. APPLIED. 
(Averages Months.) 


Sulphate 
alumina. 
Month. Grains per River Filtered 
gallon. water. water. 
1902. 
1903. 
| 


Special effort being made secure data from which may 
deduced certain factors indicating the quantity coagulant required 
for the proper treatment the river water its various conditions. 
yet too soon discuss these factors. 

Removal Turbidity.—As noted the record Table No. the 
turbidity the filtered water usually ranges from nothing parts. 
Now and then becomes high parts. All these amounts may 
properly recorded traces, and may said that for all practical 
purposes the filtered water has turbidity. 

Removal Organic Matter.—Based the average results given 
Table No. the removal organic matter these filters shown 
Table 12. 


q 
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TABLE No. SHOWING THE REMOVAL ORGANIC MATTER. 


PER MILLION. PERCENTAGE 
OrGANIC 
REMOVED. 


Nitrogen ammonia. Oxygen consumed. 


Oxygen 


Removal Tastes and Odors.—The Passaic River water ordinarily 
musty végetable odor, and times during the autumn 
has swampy odor which noticeable persons unfamiliar with 
the water, but which not disagreeable, and, fact, hardly recog- 
nized those familiar with surface waters from swampy areas. The 
removal tastes and odors filtration appreciable, but when the 
swampy odor present the river water still clearly recogniza- 
ble the filtered water careful examination. Studies the prac- 
ticability removing aeration have been made, but found 
that this unsuccessful, the odors and tastes still persist after 
vigorous aeration for some hours. The tastes and odors are 
evidently produced oily substances liberated from the vegetable 
growths the swampy areas, and, apparently, could removed only 
filtration through charcoal, ozonization, intermittent fil- 
tration through sand exceedingly low rates. 

Removal Coaguiant.—In case has the filtered water contained 
any undecomposed sulphate ofalumina. Regarding the removal the 
aluminum hydrate, ordinarily this complete, although now and then 
the numerous analyses made indicate that faint traces the hydrate 
very fine colloidal form have appeared the filtered water. These 
traces are too small measured, although, general way, 
may said that there are times when would probably amount 
about 0.06 part per million, equal 0.0035 grain per gallon. The 
average would less than 0.01 part per million, corresponding 
removal more than 99% the hydrate the raw water. 
These traces are gradually diminishing the sand Jayers are becom- 
ing ripened.” 

Changein Hardness.—Table No. gives the average 
hardness the river and the filtered waters. 


4 
| 
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TABLE No. HARDNESS THE RIVER AND FILTERED 
WATERS. 


Parts per Million. 


RIVER WATER. FILTERED WATER. 


Temporary. Permanent. Total 


Total 


Effective Size Sand Grains.—The principal point relation 
the effective size the sand grains the importance removing the 
fine particles contained thesand. The specifications, originally 
prepared, are none too severe. The effective size, within the range 
stated (see Table No. 1), and under the local conditions, makes ap- 
preciable difference with regard the quality the filtered water, 
but the coarser sands allow reduction the percentage wash- 
water used, shown Table No. 14. 


TABLE No. WASH-WATER REQUIRED FILTERS 
(Average for weeks.) 


Kind sand. Percentage wash-water required. 


Effect Rate Filtration.—The rate filtration, faras the quality 
the filtered water concerned, does not seem factor signifi- 
cance. the applied water well coagulated, satisfactory results 
will follow with rate filtration least high 185 000 000 galls. 
per acre per hours, and with inadequately coagulated water 
good results cannot obtained rates 000 000 galls. per acre 
per hours, much less. That the number bacteria the 


filtered water not materially affected the rate filtration 
shown Table No. 
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BACTERIA PER CUBIC 
ercentage 
bacteria. 
Gallons acre River Filtered 
per minute. water. water. 
185 000 000 3.0 500 100 97.1 


The more recent results, obtained after the sand layers became 
ripened, show appreciable differences. 

Compared with the normal rate 125 000 000 galls. the high and 
low rates affect the period service and percentage wash-water 
shown Table No. 16. 


TABLE No. THE EFFECT THE RaTE 
FILTRATION PERIOD SERVICE AND PERCENTAGE 
WATER. 
(Average for weeks.) 


Period service. Volume water Percentage 
Rate filtration. Hours. filtered per run. wash-water. 


eee 


The larger yield filtered water between washings the high- 
rate filters, apparently, explained the deeper penetration into the 
sand layers matters removed from the water. Regarding the per- 
centage wash-water, the actual volume water required per filter 
for cleaning does not seem exactly proportional the amount 
accumulated matters the sand layer. 

Regarding Costs.—It not feasible, the present time, discuss 
questions cost much detail might desired. However, 
information upon the principal items the operation the works 


. 
| 
470 000 3.8 
Normal 10.18 425 000 4.1 
a 
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contained the foregoing pages, and the cost construction per 
million gallons nominal daily filtering capacity may summarized 
follows: 


Coagulating basin and clear-water basin, including piping 


within the walls and grading the grounds............... 400 
Supply and suction piping outside the structures............ 800 
Main building and wings, including floors, piers and entire 

superstructure, except the last 000 
Filter equipment, complete, including machinery within the 

Power equipment and outside 800 

$15 300 


closing, the writer desires record his 
acknowledgments Waldo Smith, Am. Soc. E., under 
whose direction these works were designed and built and are operated, 
for permission make use the data embodied this paper. 
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AUTOMATIC MODULES 
FOR REGULATING THE SPEED FILTRATION. 


Now that the importance keeping the velocity sand filtration 
constant, and below given maximum, while providing the means 
gradually increasing that velocity after each cleansing ofthe sand 
surface, has come universally recognized, has occurred 
the writer that short paper treating the various forms 


‘of module, controller, that have been designed with this object 


might interest. 

Numerous forms semi-automatic apparatus this description 
have been devised, but as, under the law the survival the 
they appear doomed speedy extinction, all events for the 
purpose view, has not been considered expedient include any 
mention them herein. 

Before proceeding further, may well point out the require- 
ments which apparatus this nature should fulfil. They are two- 
fold: 

should susceptible adjustment any constant dis- 
charge between the limits zero and the maximum volume required. 

papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers, with discussion 
full, will published Transactions. 


. 
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2d.—It should mechanically simple, and durable nature, not 
requiring skilled attention. 

All modules that have been designed by, have come the notice 
of, the writer, which list appended Table No. belong one 
other the following four categories: 

weir orifice, whether surface submerged, maintained 
under constant head its own movement. 


2d.—A fixed, submerged weir, orifice, kept under constant re- 
lative head. 


3d.—A governed motor, passing constant volume constant 
velocity. 


4th.—A submerged orifice, closed automatically such ratio the 
head give uniform discharge. 


TABLE No. 


Description Module. Means Varying the Discharge. 
CaTEGORY. 


Surface weir supported float 


constant depth............ Submergence variable. 
Surface weir, above.......... Width weir variable. 
Submerged weir, above...... Submergence variable. 
Submerged weir, above...... Size orifice variable. 
Floating siphon................ Size orifice variable. 


CATEGORY. 


Balanced valve, keeping pressure 


constant orifice........... Pressure variable. 
Balanced valve, keeping pressure 
constant orifice........... Size orifice variable. 


Head submerged weir kept 
constant relative motion 
floats up- and down-stream 

10. Head submerged weir kept 
constant relative motion 
floats up- and down-stream 
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e 
AUTOMATIC MODULES 
FOR REGULATING THE SPEED OF FILTRATION, 
ELEVATION 
ELEVATION 
—- | 
SECTION 
| 
ELEVATION 
SAtnches12 0 1 2 3 4 5 Feet 
A-B 
Inches 12 6 0 1 2 3 Feet 
ELEVATION 
ELEVATION 
SECTION 
——— 


Inches12 01 23 4 5 Feet 
Scal 
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CATEGORY. 


11. Turbine motor, driven 


passing water, and variable. 
12. Turbine motor, driven 


passing water, and governed.Capacity motor variable. 


13. Paraboloid moved orifice 


14. sphere moved para- 
boloidal tube float........ Discharge cannot varied. 


15. Pendulous obstruction moved 
and varied velocity pass- 
16. Flat, cylindrical other shaped 
valve with uniform motion 
derived from float, but with 
curved orifice orifices...... Variable, the latter case 


closing off one more orifices. 
17. Rectangular aperture aper- 


tures, flat plate cylindrical 
valve, susceptible two rec- 
tilinear, rotary and vertical 
movements, one differential 
and automatic; the other ad- 
justable, vary discharge. 

The most self-evident forms apparatus for attaining the end 
required belong the first class. The Glenfield Jones, simple 
surface-weir variety, illustrated Fig. and will seen that 
the amount discharge regulated varying the depth submerg- 
ence ofthe weir. This, however, type, friction causes 
the weir more less submerged, depending whether 
floating rising falling water, and, furthermore, the adjustment 
for varying the discharge cumbersome and inconvenient. 

better arrangement that which illustrated Fig. which 
will seen that the substitution submerged form weir 
reduces greatly the error due friction, since difference submer- 
sion has less effect. The adjustment the discharge the closure 
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FRONT ELEVATION SIDE ELEVATION 


FRONT ELEVATION SIDE ELEVATION 


Max. Water Level 


Min, Water Level __. 


& 


PLAN OF 
CYLINDRICAL VALVE 
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orifices not only simpler, but lends itself easy method 
indicating, graduated dial, the rate discharge, seeing that the 
discharge directly proportional the amount angular move- 
ment the inner cylinder. This end may also attained, with less 
friction, the pneumatic device illustrated Fig. but the writer 
cannot say that this appears him hopeful form, account 
the difficulty keeping the upper part the siphon free from 
air. 

the second category belongs the constant-flow valve Profes- 
sor Fleming Jenkins, invented 1876, which Fig. illustra- 
tion. 

form has been illustrated and described* Professor 
Burton. 

difficulty encountered when trying valve this form, Buenos 
Ayres some years ago, was the set up, due the constant 
oscillation the valve about its mean position; but this could doubt- 
less overcome judicious damping arrangement. 

Fig. illustrates somewhat different type apparatus the 
same class, which occurred the writer reading ingenious 
form submerged weir-gauge constructed Mr. John Tudsbery- 
Turner the Yokohama water-works. 

Class needs description, nor can the writer call mind 
single case which this principle has been applied practice. 

typical example Class Juan Ribera’s Spanish module, 
form which, designed the late Mr. Trobe Bateman for 
the City Buenos Ayres Water-Works, illustrated Fig. This 
would constitute elegant solution the problem, did the appa- 
ratus fulfil the first condition laid down. Unfortunately, does not, 
not susceptible adjustment for varying the discharge for 
which was designed; the popular idea that the discharge may 
varied, without affecting the uniformity the flow, initial alter- 
ation the position the cone the diaphragm, being delusion. 

Fig. illustrates Appold’s module, the action which depends 
the dynamic effect variation velocity. is, therefore, neces- 
sarily inaccurate and, furthermore, not susceptible adjustment 
for varying the discharge. 

What the writer believes original form module occurred 
him 1893. The fundamental principle this form consists 


Minutes Proceedings, Inst. E., Vol. exii, 323. 
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| 
Inches 12 2 3 Feet 
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the closing submerged orifice, orifices, two distinct direc- 
tions, one automatic and differential, the other hand set the 
discharge required. Fig. shows the form which the idea first 
occurred the writer. will that the apparatus consists two 
almost touching concentric cylinders, opposite quadrants each 
which are cut two similar rectangular apertures, each occupying 
little less than 90° the circumference. The amount opening 
varied the float, which causes the inner cylinder rotate the 
ratio the square root the head which they are exposed. This 
effected means differential screw, planted cut the 
hollow central shaft, the development which part parabola. 
Fig. which has already appeared the correspondence the City 
Buenos Ayres Sanitary Improvement Works,* the form which, for 
constructional reasons, best pleased the then Engineer Chief 
those works, Mr. Charles Nystromer. 

will observed that the order movements the reverse 
that which the first form, and that has been substi- 
tuted for the differential screw. should pointed out, however, 
that this arrangement, besides entailing greater mechanical complica- 
tion, labors under the disadvantage having more moving parts 
under water. 

The form illustrated Fig. not theoretically perfect, the 
adjustment for discharge the differential screw lowered raised 
the guides the float distance twice great that traversed 
the centroid the apertures. Although this error, all ordinary 
cases, small tobe negligible, may eliminated either 
the devices illustrated Figs. and 11; the former closing the 
orifices concentrically, the latter preserving constant the relative 
positions the screw and the centroid the apertures. 

matter fact, however, the writer does not esteem these 
devices real improvement Fig. which his favorite form, 
since they entail greater complication, and inevitably give rise 
increase friction. 

may objected that these modules would necessitate tedious 
calculation and difficult shopwork, the shaping the differential 
screw meet each special case change the maximum and mini- 
mum depth orifice, range water level, may pointed out 
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that would suffice draw out, once for all, the development the 
screw (which parabola, having its vertex the center the aper- 
ture), and take that portion comprised between the maximum 
and minimum water levels the special case under consideration. 
will thus seen that the construction these modules more 
difficult than that ordinary sluice-valves, and that, therefore, they 
can manufactured and stocked like any other ironwork. 

conclusion, the writer hopes that the foregoing brief analysis 
the various forms automatic module which have come under his 
notice, which has evolved, may found useful members 
the profession, when designing apparatus like nature. 
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NOTE THE COEFFICIENT ELASTICITY 
CONCRETE AND MORTAR BEAMS 
DURING FLEXURE.* 


correct knowledge the value the coefficient elasticity 
the case the flexure steel-concrete, concrete mortar beams 
the greatest importance the designing beams this 
character. The following notes give the results for concrete and 
mortar beams tested the point failure, and are perhaps more 
than ordinary value account the age the beams tested. 

These beams were square cross-section, measuring approximately 
each side, and were about ins. long. They were first 
broken weights applied the center 36-in. spans, and then each 
half the broken beam was again broken weights applied the 
center 16-in. spans. The beams were made, during the summer and 
fall 1895, Mr. Adolph Black, Instructor Civil Engineering 
Columbia University, and were tested the writer, the Mechanical 
Laboratory that University, Emery testing machine, 
November, 1902. 

The beams were four number. Two were gravel-concrete and 
two mortar. Table No. shows the ratio gravel and sand 

paper will not presented for discussion any meeting, but its discussion 


may called any time, and written communications the subject are invited 
for presentation the Society and for subsequent publication. 


Load Center, Pounds, 


CONCRETE 


AND MORTAR BEAMS. 


RESULTS TESTS 


and 4.06/ins. wide. | 


| | 


[ail Bars 4.12 ins. bigh 


‘Spans for each ins ‘ 


CONCRETE AND MORTAR BEAMS. 
Composition of Bars or Beams. 

A =1 Aalborg cement, 2 sand and 4 gravel. 

B =1 Atlas cement and 3 sand, 

C = 1 Alsen cement, 3 sand and 5 gravel, 

D = 1 Alsen cement and 2 sand, 

The subscript figures refer to the tests in 

Table No. 1. 

The Deflections of each bar are represented by 
two curves; that to the left shows the sets when 


the load at the given point was entirely removed. 


All Bars 4.12 200 
and] 4.05 jns. wide. 


Span-for-C. i 100 
Span for 
Span for G2=16, ins. 


All Bars ins! high Bar: 300 
and ins, wide. 


for 


=36lins. 


Span for D =36 ins. 


— 
0.002 0.006 0.010 0.014 


Deflection at Center, in Inches, 


Span for Dj=16 ing. 


0.018 0.022 0.002 0.006 0.010 0.014 0.018 
Deflection at Center, in Inches, 


900 
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cement. The sand used was from Cow Bay, Long Island. was 
sharp and clean, being entirely free from loam and organic matter. 
The gravel used was rounded, and varied diameter from in. 
ins. was well washed before being used. Three kinds cement 
were used, shown the table. The usual cement tests showed 
that the cement was standard quality. The material was watered 
such consistency that, when solidly rammed the moulds, water 
flushed the surface slightly. The material was allowed remain 
the moulds for days, and set the air; during the first year the 
bars were watered intervals days two weeks; during the 
second year they were watered intervals about two months, and 
after that very intermittently. bars were never exposed the 
weather, being kept during the under cover, the basement 
one the University buildings. The deflections during the test 
were measured lever deflectometer, reading, means vernier, 
the thousandth part The instrument was examined for 
errors before and after the tests, and was found correct for the 
range readings used. 


No. 


SECTION 
square inch. inch. 
A, 7.4 16 4,12 4.06 1 591 000 278 
A, 7.4 16 4.12 4.06 1 102 000 315 
Cc q 36 4.12 4.05 | 1 315 000 247 
C, 3 16 | 4.12 4.05 387 000 229 
C. 7 16 4,12 4.05 1 023 000 208 
4.10 4.15 165 000 294 
7.3 4.10 4.15 597 000 415 
D, 7.3 16 4.10 4.15 597 000 346 
Bars Aalborg cement, sand and gravel. 


Alsen cement, sand and gravel. 


=1 
Atlas cement and sand. 
Alsen cement and sand. 


The loads were applied the intervals shown graphically the 
diagrams. different times the load was entirely removed order 
that readings for the permanent might obtained. The 
readings were all taken about seconds after the application 
removal the loads. 


} 
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shown the diagrams, the strain deflection consisted two 
parts, one part apparently permanent and one part elastic, the latter 
disappearing upon the removal the load. This shown the 
diagram for any one beam the use the same letter and subscript 
two corresponding mutually related curves. 

The coefficient elasticity was computed using the difference 
between the two deflections thus found; other words, the elastic 
was used. This deflection was found vary almost exactly 
the center load, and could represented straight line; 
elasticity was computed for center loading less than 
200 Ibs. 

The table also gives the values the extreme fiber stress the 
beam the instant rupture, the weight the beam being allowed 
for the computations. These values agree, with one two excep- 
tions, with the results obtained other experimenters. attempt 
was also made, using 4-in. cubes dressed from this material, obtain 
for the coefficient elasticity concrete compression. 
The blocks, however, were too small permit readings being 
taken directly from the sides the specimen, and was found that 
there was too much lost motion permit measurements being taken 
between the heads the testing machine. The attempt find these 
values was therefore abandoned. The ultimate resistance com- 
pression these cubes, when tested with plaster paris beds, varied 
from 000 per square inch. 
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THE SANITARY DISPOSAL MUNICIPAL 
REFUSE. 


Informal Discussion.* 


Parsons. 


PRESENTED THE MEETINGS DECEMBER 1902, AND 
JANUARY 1903. 


Mr. Jun. Am. Soc. (by and various 
have been the methods proposed for the sanitary disposal municipal 
refuse. The complete destruction the material, means heat 
generated itself the aid heat supplied from extraneous 
sources, has been the method most The first case brings 
into consideration the hope that power may obtained from this 
waste material the time its destruction. relation this, and 
during this discussion, the plan producing gas, and thus, indirectly, 
power, immediately from municipal wastes has not been considered 
possible that mature reflection may reveal great inherent advan- 
tages derived from this method disposal. 

the production gas, well known, water the form 
steam added the gases produced from the destructive distillation 
coal. seems not all unreasonable, therefore, view the 
large percentage moisture contained garbage, expect that the 
introduction garbage into gas producer may not only direct 
saving the fuel required, but may also obviate the necessity 
adding live steam. true that, the ordinary case gas produc- 

from the Proceedings for January, 1903. 
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tion, steam and not wet fuel which added, but not un- 
reasonable expect that some method can devised which gar- 
bage may placed the producer such times and 
manner that its contained water may replace the water which must 
ordinarily added. There but little cause doubt that such 
plan may put successful operation, and certainly seems 
offer great possibility obtaining power from wastes any 
other plan heretofore proposed. 


very evident from the discussions that 
refuse disposal distinctively engineering problem; but, thus far, 
America, has rarely been recognized such. hoped 
that the time coming—in fact, that has arrived—when there will 
much needed change, this respect. There this country, 
connected with the various companies who are building garbage 
furnaces who are establishing reduction plants, comparatively few 
engineers engaged the work. 

significant fact that, whereas our municipalities call 
eminent engineers and spend money unstintedly for water supply and 
sewerage, only one two occasions have they called engi- 
neer advise them the matter garbage disposal, and far 
entrusting engineer the whole problem refuse collection and 
disposal doubtful whether single instance could named. 

There the valuable report the Trenton investigation, men- 
tioned Mr. Horton, but yet heard that there have been 
any decided practical results But, Trenton, engineer 
was called upon until after several years blundering upon the 
respect, still remains shining example almost the only city 
the country that has secured any engineering advice whatever. 

One the cities adopt garbage cremation recently Milwaukee. 
The contract for installing the furnaces provided that the contractor 
should guarantee that they could operated with eighteen men, but 
stated that there are the pay roll the present 
time. claimed that this fault the furnaces, being mere 
matter affording employment municipal laborers; but, however 
that may be, serves illustration the unsatisfactory condition 
garbage disposal this country, and the need employing 
engineers design and operate garbage disposal works. 

The low tempersture the Trenton furnaces remarkable. 
recent English installations the aim get nearly possible 
temperature 800 000° Fahr. instead 800 000 degrees. 

Some interesting letters have appeared recently the London 
Electrician—letters brought out paper* Goodrich, Assoc. 


Electricity from Refuse—The Case for the Modern paper read 
before the Manchester Local Section the Institution Electrical Engineers, and 
publishedin abstract The Electrician for 28th, 1902. mentioned 
appeared the issues the same journal for December 5th and 19th, 1902. 


Mr. Falk. 


Mr. Baker. 
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Mr. Baker. Mech. E., combination refuse destructors (as they call 
them England) and electricity works. Several the writers 
these letters, men some instances who are operating combined 
refuse destructors and electricity works, have expressed themselves 
strongly opposition such combination. Certainly, such oppo- 
sition significant fact, and one that should considered very 
carefully the inception garbage disposal engineering 
problem this country. 

Thus far the discussion, comparatively little has been said 
regarding reduction means garbage disposal. present the 
subject fairly would take large amount time, but attention may 
called fact which, perhaps, has already been mentioned, but 
only incidentally, that all, nearly all, the larger cities the 
United States, which have any improved means garbage disposal 


whatever, reduction being used, and scarcely any them are using 
cremation. 


TABLE No. THE UNITED Havine 


200 000 WHERE IMPROVED METHODS GARBAGE DISPOSAL 


means 
Population. 


New York 437 
Chicago 698 
St. Louis 575 238 ...Reduction. 
Boston 560 
San Francisco 342 782....Cremation. 
Cincinnati 325 
321 
New Orleans 287 
Detroit 285 704....Reduction. 
285 315....Cremation. 
278 718....Reduction. 
246 
Jersey City 206 
Louisville 204 731....Cremation. 
This does not necessarily imply that reduction this country has 
been eminently successful and cremation has been failure, but the 
figures show that reduction least worthy serious attention. 


small quantity garbage is, has been, cremated. 
Contract awarded, with the understanding that reduction will used. 
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All the reduction plants are the hands private companies, and Baker. 


comparatively little satisfactory information regarding their financial 
success available. Possibly before this discussion closed might 
feasible bring out some detailed information from persons fami- 
liar with reduction systems. Unquestionably, such information would 
add very materially the value this discussion, which the many 
large reduction plants the country have been virtually ignored. 

Statistics, collected the speaker for his Municipal Year Book,” 
and revised date, show that, the nineteen cities (Table No. 
the United States having populations 200 000 inhabitants more 
1900, fourteen have some improved means disposal, and, these 
fourteen, ten depend reduction and four cremation. addi- 
tion, two other places have awarded contracts for final disposal, with 
the understanding that reduction will used. Even the list 
extended include places 100 000 inhabitants more, having im- 
proved means disposal, there are but six with furnaces fourteen 
with reduction plants, sixteen the latter plants under contract 
areincluded. into consideration all places 3000 population 
and more, there were, 1902, total crematories and reduction 
works, all but three the latter being places more than 000 
population. Reduction generally held impracticable small 
cities, but the figures given show that the United States that system 
prevails wherever feasible. 


pared talk the subject garbage cremation, for the reason that 
such cremation has been doing has been another direction, 
viz., either hospital refuse destruction, waste fuel utilization. 

Mr. Soper has suggested the matter snow melting. There 
great deal fun the subject snow melting, and, were not that 
reference had been made, the speaker might refrain from alluding 
toit. The subject very old, and should well understood 
engineers; still, comes up, the present instance. 

When Inspector Williams was made Commissioner Street Clean- 
ing New York City, the Sun asked why could not melt the snow 
off the streets over night, and not leave shovelled and carted 
when the contractor got ready; and suggested the use the fire 
engines New York for this purpose. course, technical paper 
would hardly propose such thing, but Inspector Williams was 
exercised much that asked the speaker there was anything 
the suggestion. The speaker went Professor Draper, the Mete- 
orological Department, and ascertained the amount the snowfall 
for certain storm New York City, and then calculated the street 
areas, not including the housetops back yards. computation 
showed that would take all the fire engines New York City, run- 
ning day and night, three years burn coal sufficient melt that 


Mr. Baldwin. 
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snowfall; that there would 000 tons coal haul, and 000 
loads ashes left cart away. The Sun would not publish this 
information, but appeared The American Machinist. Later, 
experiment was made Mr. Waring, melting snow, manhole 
the street, with coil pipe and boiler, which showed the 
futility such methods. 

Experiences similar these—steam-heated snow-ploughs, 


‘should set rest the question melting the snow, especially with 


steam, even with direct fire. The computations were made the 
supposition that all the steam generated could brought contact 
with the snow; but, matter fact, trying melt snow any 
kind pans, blowing steam through it, probably not 10% 
the steam would come contact with the snow, and, consequence, 
would blow away. Again, evaporation will take heat not required 
for melting. requires 142 melt snow from snow 
32° water 32°; but requires more heat when the snow has 
temperature zero, additional heat warm the water that will 
not freeze running off, and heat—a great deal heat—to vaporize 
the proportion the water that will vaporized. 

regard particles, sparks, that appear the head 
chimney crematory, especially night, they always appear 
though they were luminous from heat, investigation has proved 
that they were not always so; that immediately over the chimney these 
particles reflected the light the chimney, and even when they 
passed long distance—probably ft. outside the axis the 
chimney—they would look they were atire; whereas, matter 
fact, was only the reflected light from the chimney. inves- 
tigation leading determination how far the sparks might fly, 
was found that they were not actually sparks all. 

Again, there the question what might done the way 
quenching sparks, assuming that they are sparks. With chimney 
100 ft. high, and having 000° heat, there considerable upward 
push, which might represented ins. water pressure, and 
possible that something might arranged the top sucha 
chimney which the sparks, smoke and gases could given slight 
dip into water tank and thereby cooled. 

Mr. Parsons has said that thought this crematory de- 
structor could made operate without extra fuel. The speaker 
does not think this would possible, there more than 80% 
water the vegetable and animal matter garbage. cabbage will 
contain more; and all ordinary albuminous compounds—meats and 
other refuse —contain much water that the speaker cannot see how 
possible without the use some fuel. Mr. Hering says that 
the water evaporated first, that the moisture drained off 
channels before the garbage put upon the fire, and then mixed 
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with large quantity dry refuse— wood, straw, paper, etc.—and Mr. Baldwin. 
also large quantity unburned coal. 

that case, the solution seems that there enough carbon 

present evaporate the water, but still, many cases, there 
great deal water after the ordinary draining and drying done. 
ordinary dry cabbage contains 80% water, and the water very 
hard destroy, but, course, necessary take all the material 
that comes from hotels and from kitchens, that ‘what 
destroyed. Now, the speaker satisfied that what collected 
separate receptacles garbage, New York City, would contain 
water which would not run out gravitation, and that about 
the original would have good carbon order evaporate 
the contained water. 

The speaker would like see apparatus which will burn the 
ordinary garbage and admixture with dry refuse, even with ashes. 

The ashes from ordinary engineer’s department amount about 

20%, weight, the coal put the furnace, but those ashes there 

not coal. Now, there may wood enough, some cases, 
but, even New York City, where will the necessary quantity come 
from 

The speaker can show drawings and furnaces constructed for 
special work—not primarily for destroying garbage, except gen- 
eral way—but interested the construction crematories, and 
would like know more about the way construct furnace and 
get along without primary fire and the addition fuel. 

Another point about cremating garbage, and the utilization the 
heat therefrom under boilers, the formation various vapors, 
gases, which are partially condensable when they strike the heating 
surface boiler. They may contain acids which will injure the 
boiler tubes considerable extent; and, Europe, where they 
utilize the heat under boilers, presumably, the boilers are very 
simple type. would well for anyone who desires utilize the 
heat from garbage and general refuse crematories study the effect 
such gases the small tube boilers used extensively America. 


Parsons, Am. Soc. problem before City Mr. Parsons. 
Commissioner, dispose the refuse municipality, not always 
scientific one. Usually, practical problem. New 
York City, the fault due the form government and the contract 
system now vogue. change cannot made quickly, one has 
the best can. 

The scientific treatments the municipality are fairly 
well understood. The question one engineering; and engineer 
who willing study the problem can dispose those wastes 
manner which will sanitary, provided, course, that the munici- 
pality will give him, will give the Commissioner, the money carry 
out his plans. 
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The wastes are being disposed Europe more scientific 
manner than this country. The reason, probably, that action was 
taken America without previous scientific study. Europe, they 
started with cremation. America, they followed with cremation; 
but, the cremation system adopted was false, failure followed, and, 
many localities, public sentiment was set against it. This has been 
probably the chief reason that cremation not more generally adopted 
this side the Atlantic. 

Europe, the collections are made and brought destructor, 
where they are cremated; and, the most successful plants, they are 
cremated without the use any fuel whatsoever, beyond the fuel sup- 
plied the garbage and the other wastes. Each collection district 
differs the amount and character its refuse, but there 
combustible material collected which, when mixed with the garbage, 
will make burn satisfactory manner. 

The object sought, the most successful plants, produce high 
temperature; and plant that will not produce high temperature 
not considered successful. 

incinerator crematory, the destructors are called this 
country, which has have fume stench cremator, false 
design, else has that element put into the design order meet 
public sentiment. the temperature the burning furnace 
ciently high, there need fume cremator. fume cremator 
simply fire placed either the base the stack, some- 
where the passage the gases, the idea being burn any fume- 
creating particles that might pass from the furnace before they reach 
the outside air. 

Europe, recent practice has not adopted high stack, many suc- 
cessful furnaces being operated with short stack and forced draught. 
ashort stack meant one ft., although some are still 
lower. Sufficient height should given the stack stop any ques- 
tion its being source annoyance nuisance. The earliest 
destructors used very tall stacks and natural draught. 

Personally, the speaker favors the destruction municipal refuse 
cremation, and believes that will generally adopted this 
country before great many years have passed. indicated before, 
persons have promoted furnaces, destructors, cremators and 
tors which were not designed scientifically, have formed companies 
not strong enough, financially, carry out their claims. Several 
cities have recorded failure from both these causes, and some the 
destructors are now out use. 

There has been another cause failure, the collection 
garbage the destructor. Garbage, when allowed collect masse, 
extremely offensive; and, unless properly taken care and 
promptly burned, apt create adverse public sentiment, 
although the destructor itself may good its kind. 
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The system reduction has been adopted number our mr. 


larger cities because was easier organize plant than 
destructor plant. The fear creating nuisance—one the causes 
most frequently mentioned—has acted delay progress the direc- 
tion cremation. The same cause, however, was not active the 
reduction. The returns from reduction plant are not 
sufficient operate it. Such plant must rely upon bonus from 
the city. The returns from properly constructed destructors, sup- 
plied with suitable municipal wastes, should enable the plant 
more than self-maintaining, and earn handsome income for the 
municipality. 

quite common Europe see small towns which the 
actual pumping the water supply accomplished means the 
steam generated from the heat produced the destructors. Some 
towns use the power for electric street-lighting, and others sell the 
electricity generated. perfectly possible use the heat gener- 
ated manner which will income-earning, while the reduction 
plant needs sustained bonus. 

Destructor plants will probably first started the smaller 


their success, which depends proper engineering 


advice, the larger cities will slowly plan future improvements. 

The practical problem any city the distance from the point 
collection the point discharge the carts. some cities that 
haul short, others long. New York City, some the 
carts, the speaker believes, have hauls long five miles. system 
collection automobiles has been discussed, but noautomobile has 
yet been designed which would sufficiently regular stand the 
service. Perhaps, time, such perfection may reached 
warrant the collection this means. 

Snow-melting machines cannot handle the snow fast enough. 
the carts could regulated that they would bring the supply just 
the rated capacity the machines, they might operate satis- 
factory manner; but the trouble that all the carts arrive together. 
they cannot stand line with their loads snow, they have 
dump it, and the machine cannot take simply dumped 
the street, which just what not wanted. When snow has lain 
the streat little while, becomes mixed with dirt and then diffi- 
cult melt. Snow-melters have not proved economical, either 
time money. 

the snow collected from the streets New York City 
promptly, there little objection its being dumped the river, 
the snow very clean. great drawback has been the lack docks 
from which snow could dumped. 

While Mr. Soper’s remarks are interesting, some his state- 
ments scarcely give due weight the practical conditions they 
-exist the City New York. 
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The speaker sure that anyone studying the conditions they 
exist this city would conclude that the problem less scientific 
than practical. order practical problem into scientific 
one requires time, and time will probably done. 

What all cities and all municipalities need co-operation be- 
tween the different departments. The present Commissioner the 
Department Street Cleaning has done more than any other Com- 
missioner this direction. Commissioner hampered the 
General City Government, which but part. The failure 
some the former administrations, clean the streets and dispose 
the refuse properly, may not have been due solely the Commis- 
sioners. 

criticism Mr. Soper’s purpose intended. His remarks 
seem misleading members who have not made specific study 
the subject. His criticism some the former Commissioners 
little severe. While the results may have been stated, possible 
that the Commissioners did not have the power remedy those con- 
ditions. 

The garbage New York City contains enormous amount 
water, and the worst class all burn the stuff collected from the 
fruit markets, practically non-combustible, except strong 
aids. Ordinary offal kitchen garbage will burn reasonably well 
when mixed with the other wastes. 

The rubbish collections New York City are combustible; 
the ashes from the private houses and small apartment houses con- 
tain about 20% unburned coal. the rubbish collections and the 
ash collections from private houses and small apartment houses are 
mixed with the garbage, the whole can burned suitable 
furnace. 

The ashes from the steam-heating companies and large manufactur- 
ing plants, known ‘‘steam ash,” are collected and brought the 
dumps separate vehicles, that there necessity any time 
ever passing such ash through destructor, because that ash 
practically pure. 

Europe, the principal system collection one non-separa- 
tion. They simply collect the whole the refuse, and this, just 
comes, goes into the destructor. 

Most destructors contain some form what called drying 
table.” The material collected, either wet contained moisture, 
wet rainfall, placed first upon some part the cell furnace 
where can warmed, and gradually passed back over the fire, 
manner similar the coking method firing. When the material 
has become dry, forced back the hottest part the grate, 
where burns rapidly, supplying heat dry the incoming material, 
while sufficient heat left evaporate, boilers, according the 
material burned, from lbs. water per pound refuse. 
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March 4th, 1903.—The meeting was called order 8.50 
President Noble the chair; Chas. Warren Hunt, Secretary; and 
present, also, members and guests. 

The minutes the Annual Meeting, and the meetings Febru- 
ary 4th and 18th, 1903, were approved printed Proceedings for 
February, 1903. 

Messrs. MacGregor and Harrington were appointed 
tellers canvass the vote the proposed amendment the Consti- 
tution. 

Gerry, Jr., Assoc. Am. Soc. E., was presented the Secretary, 
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The tellers appointed canvass the ballots the proposed 
amendment the Constitution, relating the method election 
members,* reported follows: 


Total number ballots 447 

436 

436 


The President announced that the proposed amendment was car- 
ried, had received affirmative vote more than two-thirds 
all ballots cast, provided the Constitution (Sec. Art. 


Ballots for membership were canvassed, and the following candi- 
dates elected: 


MEMBERS. 


Frank Harvey Eno, Columbus, Ohio. 

Jackson, Madison, Wis. 
ALBERT FERDINAND REICHMANN, Chicago, 
JUNNOSUKE YAMAGUCHI, Kobe, Japan. 


MEMBERS. 


Brown, Boston, Mass. 
Epwarp Hows, Glens Falls, 

FREDERIC ARNOLD New York City. 
New York City. 
ALBERT FRANKLIN Holyoke, Mass. 


The Secretary announced that the meeting the Board Direc- 
tion, March 3d, 1903, the reconsideration ballot, the application 
Frank Taylor Chambers, Assoc. Am. E., for transfer the 


grade Member, was canvassed, and that Mr. Chambers was elected 
Member. 


*See Proceedings, Vol. XXIX, 36. 
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The Secretary announced the election the following candidates 
the Board Direction March 1903: 


JUNIORS. 


Three Lakes, Wis. 
CHARLES Philadelphia, Pa. 
New York City. 
Harry Macy Fort Dodge, Iowa. 

New York City. 


Adjourned. 


March 18th, 1903.—The meeting was called order 8.45 
President Noble the chair; Chas. Warren Hunt, Secretary and 
present, also, 126 members and guests. 

paper entitled, ‘‘Sand-Blast Cleaning Structural Steel,” 
George Lilly, Assoc. Am. Soc. E., was presented the 
author. 

Written discussions the paper from Messrs. Charles Fowler, 
William Polk and Snow were presented the Secretary. 

The subject was discussed verbally Messrs. Theodore Belzner, 
Theodore Paschke, Sabin, Henry Seaman and the author. 

The Secretary announced the death the following members: 

elected Member September 4th, 1872; died 
February 27th, 1903. 


elected Junior October 2d, 1900; 
died March Ist, 1903. 


died March 8th, 1903. 


Adjourned. 
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THE BOARD DIRECTION. 


March 3d, 1903.—8.35 Noble the chair; Chas. 
Warren Hunt, Secretary, and present, also, Messrs. Briggs, Craven, 
Croes, Davison, Knap, Kuichling, Osgood, Pegram, Schneider and 
Wilgus. 

The seven geographical districts, into which the membership the 
Society divided, were established for the next year, the same 
1902. 

The resignation Goodman, Assoc. Am. Soc. E., was 
accepted. 

The following Committee take charge the local arrangements 
for the Thirty-fifth Annual Convention, held Asheville, C., 
was appointed: Messrs. Ludlow, William Cain, George 
Frank, William Moncure, Imbrie Miller, Howe, Arthur 

Ballots the reconsideration the ballot the application 
Frank Chambers, Am. Soc. E., for transfer the grade 
Member, were canvassed, and Mr. Chambers was elected Member. 

Applications were considered, and other routine business trans- 
acted. 

Seven candidates for admission Junior were elected.* 


Adjourned. 
See page 101. 
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ANNOUNCEMENTS. 


( 
every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, April 1903.—8.30 m.—A regular business meet- 
ing will held. Ballots for membership will canvassed, and two 
papers will presented for discussion, follows: The Filtration 
Works the East Jersey Water Company, Little Falls, New Jersey,” 
George Fuller, Assoc. Am. Soc. E.; and Automatic 
Modules for Regulating the Speed Filtration,” Charles Anthony, 
Jr., Am. Soc. These papers were printed Proceedings for 
February, 1903. 


Wednesday, April 15th, 1903.—8.30 m.—At this meeting 
paper, Sherman Turrill, Assoc. Am. Soc. E., entitled 
Investigation the Properties Brick Under Different Physical Con- 
ditions,” will presented for discussion. This paper printed 
this number Proceedings. 


Wednesday, May 6th, regular business meet- 
ing will held. Ballots for membership will canvassed, and two 
papers will presented for discussion, follows: Small Rock- 
Fill Dam,” deB. Parsons, Am. Soc. E.; and Deflection 
Beams with Variable Moments Inertia,” Hudson, Am. 
Soc. These papers are printed this number Proceedings. 


ANNUAL CONVENTION 1903. 


The Thirty-fifth Annual Convention the Society will held 
Asheville, C., during the week beginning June 8th, 1903. The fol- 
lowing have been appointed Local Committee Arrangements: 
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TOPICS FOR DISCUSSION THE ANNUAL CONVENTION. 


the last four Annual Conventions formal papers have been 
presented, but, instead, topics general interest have been dis- 
cussed. The interest which these discussions have aroused has shown 
that they are appreciated, and, for the coming Convention, the Com- 
mittee Publications would glad receive from members sug- 
gestions suitable topics. 

The following list, the subjects which have already been discussed 


Conventions, here printed, order give some idea the kind 
subjects desired: 


List PRESENTED FOR DISCUSSION THE LAST FOUR 
ANNUAL CONVENTIONS. 


Should the use the method Wheel Concentrations discon- 
tinued determining the Stresses Railroad Bridges? 

view present knowledge the Effect Repeated Applications 
Load, should Fatigue Formulas used Bridge Design? 

(a) Should Stream Contamination the Sewage Cities abso- 
lutely probibited law? 

Should the Purification the Sewage Cities compulsory, 


and this feasible for Large Cities? 

Filtration the coming solution the Pure-Water Question for 

ities? 

What the Proper Friction Coefficient for use the design 
Riveted Steel Pipe? 

What are the economic conditions under which Electricity may 
profitably substituted for Steam the operation Branch Rail- 
road Lines, and what are the engineering requirements con- 
sidered such substitution? 

What the present development the so-called Telferage System 
for moving either Freight Passengers? What are the conditions 
under which that System preferable movement Rail, and 


what its adaptability still further application competition 
with Rail Lines? 


Height Buildings. 

(1) What considerations should limit the height buildings? 

(2) recent developments construction, sanitation, intercom- 
munication and economy administration, warrant the 
removal all restrictions? 

Recent Practice Rails. 

The progressive increase weight; the increase hardness, par- 
ticularly carbon; the sections most general use; the effect 
changes weight, composition and section. 

Filtration Water for Public Use. 

The several processes now used for the removal objectionable 
matter; their comparative sanitary effect, cost 
ability. 
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the interests the profession, and the duty its members 
the public, require that only those who are competent allowed 
practice Civil Engineers? what authority, through 
what agency, and upon what evidence competency, should 
applicants-be admitted the practice Civil Engineering? 

Construction. 

What stress tension and compression should allowed con- 
crete? 
What the proper modulas elasticity concrete? 
Steel-Concrete Arches: 
(1) What should the ratio steel section concrete section, 
and what the best form and disposition the former? 
(2) What consideration should given temperature changes 
and consequent stresses? 
(3) What are the best proportions for concrete, and what the, 
best method placing it? 
Decolorization Water. 
When necessary? How may accomplished? 

The Consumption Water Municipal Supplies and the Restriction 

Waste. 


contract work, either public private, preferable make 
separate contracts for the different branches trades involved, 
combine under one general contract? 

possible and desirable keep accounts work progress 
such manner ascertain unit costs each class work? 

steel susceptible being made permanent building material 

view the numerous disasters caused the contracting 
channels, the damming small streams, should non-navigable 
streams under the control the National Government? 

the National Government undertake the construction and 
operation irrigation works? 

so, how can such code established 
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ACCESSIONS THE LIBRARY. 
From February 11th March 10th, 1903. 
DONATIONS.* 


LATHES, SCREW MACHINES, BORING AND TURNING MILLS. 


Practical Treatise the Design and Construction Turning 
Machines, Including Lathes, Automatic Screw Machines, Boring and 
Turning Mills, and their Accessories. Thomas Shaw. Cloth, 
Manchester, 1903. shillings, net. 


The object this work review detail types the many varied machine tools 
use for the working shape metais,and give constructive details the 
more important mechanisms and devices, which, hoped, will prove helpful those 
engaged various branches engineering, and make easier the solution prob- 
lems design which are presenting themselves continually various guises every- 
day practice. was considered that the best way treat the subject would give 
examples from actual practice, showing the different mechanisms with their respective 
constructional surroundings. This plan has been adopted far practicable. The 
Contents are: General Notes Design and Arrangement; Principle the Lathe; 
Small Lathes with Some Special Features; Screw Threads; Lathes; 
Lathes for Special Purposes; Lathes for Accurate Work; Electrically-Driven 
Lathes: Summary Lathe Design; Turret Lathes; Examples Hollow Turrets; 
Vertical Turret Lathes; Full Automatic Screw Machines; Heavy Lathes; Boring and 
Turning Mills. There index five pages. 


IRON AND STEEL, IRON ORE, AND FOR THE UNITED 
STATES, GREAT BRITAIN, GERMANY, FRANCE, AND BELGIUM. 


Revised the end 1901. James Swank. Cloth, 
pp. Philadelphia, The American Iron and Steel Association, 
902. 


This compilation Iron and Steel, Iron Ore, and Coal Statistics for the United States 
and four European countries presented the members the American Iron and 
Steel Association souvenir the completion the author’s thirty years contin- 
uous service, first Secretary and afterwards Manager the Association. 
The pamphlet also contains the production iron ore Algeria far back authen- 
tic statistics are available, the production coke the United States the close 
1901, and the shipments Connellsville and Pocahontas Flat Top Coke, statistics 
the shipments Lake Superior iron ore and Cuban iron ore the same date; also 


statistics the imports iron ore into the United States the close 


ENGINEERING CONTRACTS AND SPECIFICATIONS 


Including Brief Synopsis the Law Contracts, and Illustrative 
Examples the General and Technical Clauses Various Kinds 
Engineering Specifications. Designed for the Use Students, Engi- 
neers, and Contractors. Johnson, Inst. E., Am. 
E., Am. Soc. Third Edition Revised. Cloth, ins., 


por. Engineering News Publishing Co., New York, 1903. 
$6.00. 


The preface states that the present edition general revision Part has been 
made, addition minor changes the other portions the book. Several complete 
specifications have been entirely changed, replaced, and many new ones have been 
added. Two new appendices are given The Engineer Expert Witness, and 
the Standard Specifications for Iron and Steel proposed the American Committee 
the International Association for Testing Materials. these additions the book has 
been enlarged 114 pages. The Parts are: Synopsis the Law Contracts; Engineer- 
ing Specifications and Accompanying Documents; Specific Descriptive, Technical 
Specifications; Examples Complete Contracts and Specifica- 
tions. There index six pages. 


otherwise specified, books this list have been donated the Publishers. 
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STATICS ALGEBRAIC AND GRAPHIC METHODS. 


Intended Primarily for Students Engineering and Architecture. 
Lewis Johnson, Assoc. Am. Soc. Cloth, ins., 


133 pp., plates, illus. New York, John Wiley Sons, 1903. 


stated the preface that this volume has been written the hope helping 
students acquire knowledge statics which include the power apply cor- 
rectly professional work. this end attempt has been made carry out several 
specific purposes, among which are the following: give much attention the 
starting points the science, and make clear possible the course deduction 
therefrom. point out the inherent mathematica! limitations pure statics, and 
show how all its important problems are solved. develop algebraic and graphic 
methods solution side side, and with equal thoroughness. present graded 
set problems illustrating not only universal principles, but also how statics used 
engineering practice. The chapter headings are: Definitions and Preliminaries; Nota- 
tion and Conventions; Parallelogram Forces and its Derivatives; Algebraic and 
Graphic Statements the Condition Equilibrium. with Applications; Scope Pure 
Statics; Solutions Statical Problems; Additional General Topics and Processes; Cen- 
ters Gravity; Stress; Structures: Stresses Non-Framed Structures; Stresses 
Framed Structures; Additional Topics and Examples. 


LIME AND CEMENT INDUSTRIES NEW YORK. 


Heinrich Ries. Chapters the Cement Industry New York. 
Edwin Eckel. Cloth, 10x pp. 641-968, 102 plates. Albany, 
University the State New York, (Bulletin the New York 


State Museum, No. 44, Vol. November, 1901.) (Donated 
Merrill.) 


The Contents are: Origin Limestone; Chemical Composition; Geologic Occur- 
rence; Prospecting; Color Limestone; Mineralogic Composition; Uses Limestone; 
Uses Lime; Cement; New York Limestones; Limestone Occurrence 
Counties; Cement Industry New York State; Producers Cement; 
Producers Natural Rock Cement; History the Portland Cement Industry New 
York State; Manufacture Portland Cement New York State; Tests Cements, 
Made the State Engineer, 1897-1900; Key Tables Limestone Analyses; Tables 
Limestone Analyses. There index ten pages. 


Gifts have also been received from the following: 


Mech. Engrs. pam.,3 bound vol. Midland Ry. Co. 
Assoc, Amicale des Anciens Eléves Min. Soc. NovaScotia. 
Centrale. vol. 


Assoc. Ry. Supts. Bridges and Build- 


vol. 
ings. pam. New York Univ. vol. 
Augusta, Ga.—City Council. pam. Northampton, 
Binghamton, Y.—Water Commrs. 


pam. 

pam. Paine, Charles. vol. 


pam. 


pam. 
Eng. Assoc the South. Sherman, Chas. 
Fitchburg, Mass.—City Engr. Simla, India—Director Ry. Construc- 
Great Britain—Patent Office. pam. tion. bound vol. 
Hutton, pam. Soc. Belge des Ingénieurs des Indus- 
Inst. Civ. Engrs. bound vol. triels. pam. 


Johnstown, Y.—Board Water 
Commrs. 

lin. 

Kummer, bound vol. 

Leominster, Mass.—Water Board. pam. 


Bureau Statistics. bound vol. 

Corps Engrs. specif. 

Office Naval War Records. 
Supply Dept. bound 


vol. 

Marston, pam. Webster, Albert bound vol. 

Conn.—Board Water Young Men’s Christian Assoc. 
Commrs. 


pam. 


PURCHASE. 
Der Bruckenbau. Von Franz Tschertou. Wiesbaden, 


Kreidel, 1903. 


Konstruktionslehre der einfachen Maschinenteile. Von 


Grove. 2vol. Leipzig, Hirzel, 1902. 
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Das Eisenbahngleis. Von Haarmann. Kritischer Teil. Leip- 
zig, Wilhelm Engelmann, 1962. 


Der Praktische Maurer. (Maurer- und Steinmetzarbeiten). Ein 
Hand- und Nachschlagebuch aus der Praxis fiir die Praxis. Dr. 
Menzel. 12. vielfach verbesserte und Heraus- 
gegeben von Otto Alisch, Eckardt, Martin Schmidt. 
Leipzig, Arnd, 1902. 


Elasticitat und Festigkeit. Die fiir die Technik wichtigsten 
und deren erfahrungsmissige Grundlage. Von Bach. 
Vierte, vermehrte Auflage. Berlin, Julius Springer, 1902. 


Experimental Engineering and Manual for Testing. For Engi- 
neers and for Students Engineering Laboratories. 
Carpenter. Fifth Revised and Enlarged Edition. New York, John 
Wiley Sons; London, Chapman Hall, Limited, 1902. 


SUMMARY ACCESSIONS. 
From February 11th March 10th, 1903. 
Donations (including duplicates) 
purchase 
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MEMBERSHIP. 
ADDITIONS. 
MEMBERS. 
CHAMBERS, TAYLOR 


Wurtz 


Mgr., The National Contr. Co., 246 First St., Mar. 1894 
Cambridge, Mass......... Dec. 1902 
GEORGE ELVIN 
Prin. Asst. Engr., Bureau Surveys, 416 City Hall, 
Philadelphia, Pa......... Feb. 1903 
Harry 


Maj., Corps Engrs., A., 1812 St., W., Wash- 


. 


JACKSON, BENJAMIN 


Chf. Engr., San. Dist. Chicago, Room 1010, Security 


REICHMANN, ALBERT FERDINAND Jun. April 30, 1895 
Asst. Engr., Western Div., Am. Bridge Co., Oct. 1898 
1318 Monadnock Bldg., Chicago, Mar. 1903 


ASSOCIATE MEMBERS. 


Brown, 
Chf. Engr.. Boston Bridge Works, Winter St., Boston, 


Brynn, 


Care, Am. Bridge Co., 51st St., Pittsburg, Feb. 1903 
Epwarp 


Asst. Engr., Hudson River Water Power Co., Glens Falls, 


Asst. Chf. Engr., Little Kanawha Co., Jun. May 1898 


Ross, ALEXANDER 
Engr. Chg., Shanghai Woosung Ry. Extension, Box 
ALBERT FRANKLIN 
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110 MEMBERSHIP—ADDITIONS—CHANGES ADDRESS. 


Date 
Epwarp Membership 


423 East Kansas St., Independence, Feb. 1903 
Epwarp Dana 
Min. Engr., The Low Moor Iron Co. Va., Low Moor, 
1902 
200 Peshine Ave., Newark, ar. 1903 


ASSOCIATES. 


Treas., Keuffel Esser Co., 127 Fulton St., New York 


JUNIORS. 
JOHN SEAGER 


445 Lenox Ave., New York City Feb. 1903 
Bruce 

2027 Prairie Ave., Chicago, Mar. 1903 
HERMANN ZANE- 

CHARLES FRANK 

2610 North Jessup St., Mar. 1903 
JoHN ANTHONY 

Chf. Engr., The Jobn Gilligan Co., Falls City, Nebr..... 1903 
Hyatt, CALEB 

Scarsdale, Mar. 1903 
VERNET ALBERT 

Care, Sumner, Majestic Bldg., Denver, Feb. 1903 

507 Central Ave., Brooklyn, Sept. 1902 
Epson 

Prof. Physics and Eng., Univ. Arizona, Tucson, Ariz. Feb. 1903 
CHARLES UNDERHILL 

154 West 122d St., New York Feb. 1903 

Care, Jersey City Water Supply Co., 158 Ellison St., Pat- 


CHANGES ADDRESS. 


MEMBERS. 


Davis Asst. Engr. Chg., Div. Constr. and 
Repairs, 323 City Hall, Chicago, 

BEARDSLEY, JAMES WALLACE Cons. Engr. the Comm., and Chf. the 
Bureau Eng., Palace, Manila, Philip- 
pine Islands. 
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Affairs. MEMBERSHIP—CHANGES ADDRESS. 


STEPHEN ELBRIDGE...... 4025 McPherson Ave., St. Louis, Mo. 
Davis, B......... Lt.-Col., Corps Engrs., A., Chf. 


Engr. Officer the Div., Manila, Philip- 
pine Islands. 


Dunn, BuRKE............ Care, Ry., Dallas, Ga. 

DELPHOS........ Asst. City Engr., 311 Lyon St., San Fran- 
cisco, Cal. 

WALLACE ..... Asst. Engr., R., Poplar St. 
Depot, Memphis, Tenn. 

Hurry, Broadway, Room 122, New York City. 


City Engr., Manila, Philippine Islands, 

GUSTAVE..... 710 North State St., Litchfield, 

Hays........... Evergreen Lodge, Lansdowne, Pa. 

JAMES............ Care, MacIntyre Iron Co., Cortlandt St., 
New York City. 

Engr. with McClintic-Marshall Const. Co. 
Rankin, Pa.; 727 East End Ave., Pitts- 
burg, Pa. 


CHARLES 


With Richards-Lundeen Co,, Gen. Contrs., 
Minneapolis, Minn. 

Civ. Engr., N., Care, Bureau Yards 

and Docks, Navy Dept., Washington, 

Broadway, New York City. 

Curtis Corps Engrs., A., Manila, 

Philippine Islands. 

Mocksville, Davie Co., 

Care, Toronto Niagara Power Co., Niagara 
Falls, Ont., Canada. 

Prin. Asst. Engr., Mo. Pac. Ry. Co., St. 
Louis, Mo. 

Asst. Engr., Michigan Central R., Kala- 

mazoo, Mich. 
Cyrus Lyttelton Harbour Board, Christ- 
church, New Zealand. 

First Asst. Engr., The Lake Shore Michi- 

gan Southern R., Spangler Ave., 

Cleveland, Ohio. 


Homer 


Horatio 


Watson, Parsons 


HERBERT 


Preston 


ASSOCIATE MEMBERS. 


CHARLES Asst. Engr., Jersey City Water Supply Co., 


156 Ellison St., Paterson, 
Chf. Engr., Arkansas Southwestern Ry., 
Gurdon, Clark Co., Ark. 


INNERARITY 
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Parsons...... Care, Riddle Constr. Co., Ravenna, 
Ohio. 

THOMAS JENKS.......... Engr., Beaver Creek Lumber Co., 
Davis, Va. 

Engr., Puget Sound Power Co., Ta- 
coma, Wash. 


FREDERICK............ Asst. Prof. Civ. Eng., Union Coll., 
Schenectady, 

Henry, WALTER.......... Vice-Pres., Medina Quarry Co., 150 Nassau 
St., New York City. 

CHARLES GILLINGHAM..... 189 Cleveland Ave., Buffalo, 

NEWBERRY, SPENCER Gen. Mgr., Sandusky Portland Cement Co., 
Bay Ridge, Ohio. 


Henry Gen. Mgr. and Engr., James Hill Sons, 


Grenfell St., Adelaide, South Australia: 

FREDERICK CHARLES......439 West 123d St., New York City. 

CHARLES Asst. Engr., Geological Survey, Wash- 
ington, 

Ry., Junta, Colo. 

Draftsman, The Bucyrus Co., Gen. 
Delivery, Pittsburg, Pa. 


Contr. Engr., Exeter Machine Works, Rural 
Route No. Oakdale, Pa. 
GEORGE AYMAR........... Asst. Engr., Rapid Transit 


312 West 122d St., New York City. 

Milling Co., 317 Atlas Blk., Salt Lake 
City, Utah. 


ASSOCIATES. 


SHERMAN Milford, Conn. 


ARMSTRONG, ALEXANDER City Engr., Manila, Philippine 


Islands. 

128 West 33d St., New York City. 

....-....Eng. Dept., Koken Iron Works, St. Louis, 
Mo. 

177 Sixth Ave., Brooklyn, 

Henry GARFIELD...... Phila. Rapid Transit Co., 619 


North 48th St., Philadelphia, Pa. 
Imperial Constr. Co., Brawley, via 
Imperial, Cal. 


RESIGNATIONS. 
ASSOCIATES. 
Date 

Resignation. 
DEATHS. 

Elected Junior, October 2d, 1900; died 


March 1903. 
.......Elected Member, April 1874; died 


March 8th, 1903. 
February 27th, 1903. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 


INTEREST. 
(February 11th March 10th, 1903.) 

This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possible. 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St., Philadelphia, Pa., 30c. 

(2) Proceedings, Club Phila., 1122 
Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Inst., Philadel- 
phia, Pa., 

(4) Journal, Western Soc. Engrs., Mo- 
nadnock Block, Chicago, 

(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Canada. 

Univ., New York City 

(7) Technology Inst. 
Tech., Boston, Mass., 75c. 

(8) Indicator, Stevens 
Inst., Hoboken, J., 

(9) Engineering York 


(10) Magazine, New York City, 


New York City, 25c. 

t12) The Engineer (London), 
News Co., New York Cit 

(13) Engineering News, New City, 


(14) Record, New York 
(15) Gazette, New York City, 


(16) and Mining Journal, 
New York City, 15c. 

(17) Journal, New York 

(18) Railway and Engineering Review, 
Chicago, 

Scientific American Supplement, New 
York City, 

(20) Iron Age, New York City, 10c. 

(a1) Railway Engineer, London, Eng- 
land, 25c. 

(22) Iron and Coal Trades Review, Lon- 
don, England, 25c. 

(23) American Iron and Steel 

Assoc., Philadelphia, Pa. 

(24) American Gas Light Journal, New 
York City, 

(a5) ican Engineer, New York City, 


Electrical Review, London, England. 
(27 orld and Engineer, New 
ity, 

(28) Journal, New Water-Works 
Assoc., Boston, $1. 

(29) Journal, Society Arts, London, 
Engiand, 15c. 

(30) Annales des Publics 
Belgique, Brussels, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Ecole Spéciales Gand, Brus- 

sels, Belgium. 


(32) Mémoires Compte Rendu des Tra- 
vaux, Soc. Ing. Civ. France, 
Paris, France. 

(33) Génie Civil, Paris, France. 

(34) Portefeuille des Ma- 
chines, Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mécanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 

(40) Railway Age, Chicago, 10c. 

(41) Modern Machinery 

(42) Transactions, Am. Elec. 
New York 

Paris, France. 

(44) Journal, Military Service Institu- 
tion, Governor’s Island, New York 
Harbor, 

(45) and Minerals, Scranton, Pa., 


(46) American, New York City, 


(47) Mechanical Engineer, Manchester, 
England. 

(54) Transactions, Am. Soc. E., New 
York City, $5. 

(55) Transactions, Am. Soc. E., New 
York City, $10. 

(56) Transactions, Am. Inst. Min. 
New York City, 

(57) Colliery London, England. 
(58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, Pa., 50c. 

(59) Transactions, Mining Inst. Scot- 

London and Newcastle-upon- 


(60) Engineering, Indianap- 
olis, Ind., 25c. 
(61) Proceedings, Western Railway Club, 
225 Dearborn St., Chicago, 
(62) Manufacturer and 
Ninth St., Pittsburg, Pa. 
(63) Proceedings, Inst. E., 
London, England. 
Power, New York City, 
road Club, Brook 
(66) Journal Gas 
England, 15c. 
(67) Cement and Engineering News, Chi- 
cago, 
(68) Mining Journal, London, England. 
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LIST ARTICLES. 
Bridge. 


Pile Sinking Means Hydraulic Jet Moruya Carrington Bridges, New South 
Wales.* Ernest Macartney Burgh, (63) Vol. cl. 
Steel Bridge Erection.* Assoc. M.Inst.C.E. (63) 
The Teesta Bridge.* William Robert Shaw, Inst.C. (63) 
The New Plans for the Manhattan Bridge Across the East River New York City.* 
(13) (14) Feb. 21. 
and Columns Street Railway Bridge Construction.* Andrews. 
The ile Run Steel Arch Bridge Pittsburg, Pa.* Willis Whited, Assoc. Am. 
Soc. (13) Feb. 26. 
Viaduct Over the Viaur.* (12) Feb. 27. 
The Blackwell’s Island Bridge.* (14) Feb. 
The Construction the Centers for the Bridge.* (13) Mar. 
Résultats des Epreuves Viaduc Viaur. (38) Feb. 
Déformation des Poutres Droites. Gaston Blot? Serial beginning Feb. 


Electrical. 


Electrical Power Sir and Ironworks, Middlesbrough.* 
Ernest Phillips. Jan. 

Commutators.* (45) 

Ship Lighting. Frank (26) Serial beginning Feb. 

System Electrically Operating Printing Machinery.* (26) 

Notes Recent Electrical Design.* Esson, (Abstract Paper 
read before the Inst. Elec. Engrs.) (47) Feb. 

Electric Power Transmission Arbroath.* Feb. 

The Witton Works the General Electric Limited. (26) Feb. 

Continuous-Current Motors for Machine Tools. Blackwell. (47) 

Cable for Telephone Lines; General Specifications. (27) Feb. (Supple- 
men 
re-Hour Capacity the Lead Storage Battery. A.L. Marsh. (27) Feb. 14. 

Met ods Work Adopted Constructing the Chicago Telephone Tunnels.* (13) Feb. 


The Transmission Differing Currents. Frederick Bedell. (19) Feb. 21. 

Manufacture Large Dynamos and Alternators.* Ernest Kilburn Scott. (Paper read 
before the Inst. Elec. Engrs.) (47) Serial Feb. 21. 

The Mercury Are. Charles Steinmetz. (27) Feb. 

vs. Direct Current, Applied the Iron Steel Industry. Hines. 


The Buildings. Faleonar. (Abstract Paper read before the Inst. 
Elec. Engrs.) (24) 

Electric Lines; Line Wire Materials and High Voltages. Alton Adams. 
(10) 

Iron and Steel Plants. Frank Perkins.* (62) Mar. 

British Westinghouse Works.* (27) Mar. 

Italian Recording Wattmeters.* (27) Mar. 

Tuned Wireless Telegraph Circuits. Thiessen. (Abstract Paper 
Weather Review.) (27) Mar. 

Elster Improved Form Exner’s Electroscope.* Frederick Collins. 
ar. 

The High Tension Underground Conductors. Henry Floy. (27) Mar. 

Calcul Force Electromotrice Induite Forme dans les Alterna- 
teurs. Guilbert. (36) Serial beginning Jan. 


Marine. 

Torsion and Torsional Stresses Propeller Shafts.* Hermann Frahm. (11) Feb. 

The Russian First Class Cruiser Bogatyr.* (11) Feb. 13. 

Brief History Ocean Steamships. Lawrence Irwell. (19) Feb. 14. 

Data from Scotch Marine Engineering Practice. Wilkes. (13) 

Great Britain’s Naval Supremacy.* Archibald Hurd. (10) Mar. 

Mechanical. 

the Deformation Cast-Iron Pipe under External Vertical Pressure.* Joseph 

Francis, (63) Vol. cl. 

Optical Method Determining the ofa Fly-Wheel.* Samuel 

enry Barraclough, Assoc. Inst. (63) Vol. cl. 


3 ol.c 


Report the Committee Tabulating the Results Steam-Engine and Boiler Trials; 
Inst. E.* (63) Vol. cl. 
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Mechanical—(Continued). 


The Paris Exhibition Automobiles.* (11) Serial beginning Jan. 23. 

Milling Machine Feeds. Jan. 30. 

Butler’s Three-Cylinder Gas Engine.* (47) Jan. 31. 

Air Gas Replace Dear Coal Gas.* (66) Feb. 

The Crystal Palace Motor Car Show.* (12) Serial beginning Feb. 

The Fuel Value Refuse. Booth. (26) 

High-Speed Cutting Steel. (47) Feb. 

Externally Fired Boilers.* William Fowler, Inst.C. (47) Feb. 
Works and Shop Lighting the High-Pressure Gas System.* (66) 


eb. 10. 

High-Speed Tool Steel. (62) Feb. 12. 

The Briquetting Flue Dust, Fine Ore and Fuel.* (13) Feb. 12. 

The Moore Hot Blast Stove. (20) Feb. 12. 

Power Required Drive Machine Tools; Locomotive Shops the Buffalo, Rochester 
Pittsburgh Railway Bois, Pa.* (20) Feb. 12; (15) Feb. 18; (18) Feb. 14. 

Automatic Nut-Tapper and Bolt-Threading Machine.* (22) Feb. 13. 

Gas Engines for Electric Lighting. (Abstract Paper read before the 
Inst. Elec. Engrs.) (47) Feb. 14; (66) Feb. (26) Feb. 

The Efficiency Boiler Furnaces. (47) Feb. 14. 

The Airship System Frederick L’Hoste.* Byard Collins. (19) Feb. 14. 

The Balancing Rolling Mill Engines.* George Service. (Paper read before the West 
Scotland Iron and Steel Inst.) (47) Feb. 14. 

New Method Testing Wire.* Arthur Falkenau. (62) Feb. 19. 

The Relation Boiler Furnace. R.T.Strohm. (62) Feb. 19. 

Drying and Mixing Machine for Manufacturing Lime-Sand Brick.* 


eb. 19. 
The Valuation Pig Iron for Foundry Purposes. Richard Moldenke. (Paper read 
before the New England Foundrymen’s Assoc.) (20) Feb. 19. 

The Use Highly Superheated Steam. Prof. Ewing. (12) Feb. 20. 

Large Horizontal Gas Engine.* (17) 21. 

Henry Lordly. (Assoc. Civ. Engrs. Cornell Univ.) 
19) Feb. 21. 

New Double-Acting Tandem Internal-Combustion Engine.* (14) Feb. 21; (20) Feb. 26. 

for Determining Sulphur Coal and Coke.* (24) 


German Progress the Recovery Cyanogen from Gas. (66) Serial beginning Feb. 


The Selection and Care Leather Belting. Dixon. (62) Feb. 26. 
Engineering Works, Bedford.* Serial beginning Feb. 27. 
Steam Turbine. Geoffrey Parsons, (Abstract Paper read before 

the Cleveland Inst. Engrs.) (22) Feb. 27. 

Machine Forging.* (22) Feb. 27. 

Hydraulic Experiments Plunger Pump.* John Goodman. (Paper read before the 
Mech. Engrs.) Serial beginning Feb. 27; (47) Serial beginning Feb. 
28; Abstract (22) Feb. 27. 

Iron Furnace William Fowler. (47) Feb. 28. 

The Modern Power Problem.* John Joseph Flather. Serial Mar. 

Large Stop Valves for High Pressure Steam.* Booth. (64) Mar. 

The Modern Plant; Practical Directions and Suggestions Concerning Its Design and 
Operation Order Secure the Best W.H. Wakeman. (41) Mar. 

Smoke Abolition.* Parker. (64) Mar. 

The Evolution the Mechanical Stoker.* (Paper read before the New 
England Cotton Mfrs.’ Assoc.) (64) Mar. 

Valve Gear the Buckeye Engine.* (64) Mar. 

Transmission Rope Splicing.* Frederick Greene. (64) Mar. 

Ammonia Concentration Gas Works.* Unger. (Paper read before Wisconsin 
Gas Assoc.) (24) Mar. 

New Flexible Metallic Joint.* (13) Mar.5. 

Rotary Pressure Blowers. Hicks, Jr. (Paper read before the Pittsburgh 
Foundrymen’s Assoc.) (20) Mar. 

Interesting Boiler House Apponaug, (14) 

Second Year’s Experience Distributing Artificial Gas Under High Pressure. Geo. 
Goodnow. (Paper read before the Wisconsin Gas Assoc.) (24) Mar. 

Note sur des Dispositifs Sécurité Appliquer aux Récipients Vapeur Convercle 
Amovible. Maurice Bellom. (43) Trimestre, 1902. 

Note sur Théorie des Régulateurs des Machines Vapeur. 


Sur les Phénoménes Combustion dans les Moteurs Fixes Alcool. (37) 
Serial beginning Jan. 

Sur Quelques Dispositions Récentes Distributions par Soupapes.* Svilokossitch. 
(36) Serial beginning Jan. 25. 

Gazogénes par Aspiration.* (34) Feb. 

Rouleaux Compresseurs Traction Electrique des Digues Grosbois Saint-Far- 

Voiture Automobile 1902.* (33) Serial beginning Feb. 21. 
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Metallurgical. 


Engineering.* Sir William Roberts-Austen, Hon. Inst 

The Valuation Iron Ores for Blast Furnace Charges. (62) Feb. 12. 

Ingots, and the Influence Chemical Composition Their Solidity.* 
20) Feb. 19. 

The Stassano Electric Steel Furnace; Italian Direct Reduction Process. Hans Gold- 

schmidt. (Paperread before the Electrotechnische Gesellschaft.) (20) 

The Largest Malleable Casting Plant Europe.* (20) Feb. 26. 

The Electrolytic Refining Silver and Gold.* Titus Ulke. (45) Mar. 

Cyanidation the Homestake Mine. Merrill. (16) Mar. 

Etat Actuel Préparation Mécanique des Minerais.* (32) Dec. 

Procédés d’Extraction Coux. (33) Serial beginning 

Military. 


The Hotchkiss Ordnance Company, Limited.* (11) Serial beginning Feb. 20. 
Mining. 


Shaft-Sinking through Water-Bearing Strata.* (57) Jan. 30. 

Electric Pumping Plant Kaiserstuhl Shaft, Dortmund, Germany; Description 
the Steam Plant and Electric Machinery.* Frank Perkins. (45) Feb. 

Lamps and Colliery Explosions; Facts Regard Failures Lamps Atmos- 


eres Charged with Gas and Coal Dust.* James Ashworth. (From the Canadian 
Min. Review.) (45) Feb. 


How Pan Gold from Gravel. (13) Feb. 12. 

The Genetic Classification Ore-Bodies: Discussion. (16) Feb. 14. 

The Concentration Ores Oil.* Walter McDermott. (16) Serial beginning Feb. 14. 

Deep Mining the Transvaal. Webb. (16) Feb. 14. 

Definition.* Philip Argall. (16) Feb. 14. 

Application Electricity Mining. Daniel Burns. (Paper read before the Glasgow 
Technical College Scientific Society.) (57) Serial beginning Feb. 20. 

Missfires. Weiskopf. (16) Feb. 21. 

Co-operative Chemical Analysis Copper Slag. Thorn Smith. (16) 


Study the Economical Arrangement Compressed Air Haulage. Ernest Brackett. 
Anthracite Coal (Coal Test Committee, Scranton Engrs.’ Club.) 
The Shafts Cripple Creek.* Alexander Forsyth. (16) Mar. 
Miscellaneous. 


Drift-Sands Cape Colony.* Charles Dimond Horatio Braine. (63) 


The Footway Tunnel.* William Charles Copperthwaite, (63) 
ol. 
Metric Measurement. Robert Smith. (26) Feb. 13. 
Asphalt Refining; Methods Employed the Tar Springs Asphalt Co.’s Refinery, near 
Comanche, Ind. W.R. Crane. (45) Mar. 
Municipal. 


Steam Roller Wide Adaptability.* (14) Feb. 14; (13) Feb. 12. 
Report the Park Commission the Senate Committee the District Columbia: 
Review.* Arthur Shurtleff. (14) Feb. 14. 
Macadam Roads and Specifications. Ernest McCullough. Feb. 26. 
Parkways and Boulevards for Philadelphia, Pa.* William Bray. (60) Mar. 
des Villes des d’Amérique: Rapport Mission.* Vaillant. (30) 


Nouveau Tunnel sous Tamise, Londres entre Greenwich Millwall.* Richard 
Essayie. (33) Feb. 21. 


Railroad. 


Locomotive Francis William Webb, Vice-Pres. Inst. (63) 
and Crossings.* Evelyn Henry Young, Assoc. Inst. 

Federated Malay States Railways, Perak and Province Wellesley.* Charles Rastrick 

Tunnel Construction under Water.* Howard Carson. (1) Dec. 

Some Brake-Tests and Deductions Therefrom.* Keiley. (42) Jan. 

Railroad Car Braking.* (42) Jan. 


Meet To-day’s Requirements. and others. (65) 
an. 16. 

Valtellina High-Tension Three-Phase Railway.* (12) Serial beginning Jan. 30. 
Three-Cylinder Ten-Coupled Tank Engine; Great Eastern Railway. (21) Feb. 

Fog Signalling. (21) Serial beginning Feb. 
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Railroad—(Continued). 


Twenty-five Years Locomotive Feb. 

Quarter Century Car Building. (39) 

Development Railway Signaling Last five Years. (39) Feb 

Progress Track Construction during the Past Quarter Century. (39) Feb. 

The Brake Shoe. (39) Feb. 

Suburban Locomotive, Great Eastern Railway.* (12) Feb. (15) Feb. 

Midland Railway Three-Cylinder Compound Passenger Locomotives.* 

Automatic Railway Signalling.* (11) Feb. 13; Feb. 18; 

12) 

The Friction Draft-Gear Problem. Parke. (Extracts from Paper read before the 
New England R.Club.) Feb. 13. 

Norfolk Western Atlantic Locomotive.* (40) 

Locomotive Draft and Spark Arrester Appliances. (40) Feb. 

Handling Small Packages tation, Orleans Railroad, Feb. 13. 


Car Lighting. Gillson. (Abstract Paper read before the New 
England Club.) (15) 20. 


New Roundhouse the New York Central Rensselaer.* (15) Feb. 20. 
Ventilating Big Bend Tunnel the Ohio.* (15) Feb. 20. 
Chicago Alton Locomotive.* 20. 
Crown Sheets and Gauge Cocks.* (40) Feb. 
Yards and Terminals.* (From Progress Report the Amer. Ry. and 
Assoc. the Committee Yards and Terminals.) (18) Feb. 
Modern Locomotive Practice.* Wolff. (47) Feb. 21. 
Electric System (Cincinnati, Georgetown Portsmouth 
17) 
Engine Chatham, and South-Eastern Railway).* (12) 


The Structure and Service Modern Brake-Shoes. before 
the New England Air Brake Club.) (40) Feb. 27. 

Block Signals American Railroads. (15) Feb. 27. 

Proposed Single Driver Locomotive.* Paul Warner. (15) 

Relation Effects Heavy Wheel Loads Track Reduced Cost Moving Traffic. 
(Abstract Paper read before the Rocky Mountain Ry. Club.) 

Feb. 27. 

The Flexible Car Truck.* Chas. Shallenberger. (From Paper read before the St. 
Louis Ry. Club.) (18) Feb. 28. 

Locomotives for the Chicago, Burlington Quincy System.* (18) 


The Electric Locomotives The Western Railway France.* (17) Feb. 28. 

Modern Machinery for Excavating and Dredging.* Robinson. (9) Mar 

Extensive Shop Jackson, Mich.; Michigan Central The 
Power (25) Mar. 

Powerful Passenger Locomotive, 4-6-2 Type; Chicago and Alton Railway.* (25) Mar. 

Freight Locomotives, 2-8-0 Type; Chicago, Rock Island Pacific Railway.* (25) Mar. 

Oil Locomotive, Distance 1422 Miles; Atchison, Topeka Santa 

Some Abnormal British Rous-Marten. (10) Mar. 

The Reading Locomotive Shops.* (40) 

The Largest Express Locomotive Great Britain 

Expert’s Experience with Automatic Stops. Mar. 

The Van Dyke Tank Car.* (15) Mar. 

Units for Indicating Grades. Hering. (17) Mar. 

The System Car Lighting. Arthur Farnsworth. (From Paper 
read before the New England Ry. Club.) (18) Mar. 

English and German Switching Engines.* (18) Mar. 

Long-Distance Electric Railroading. Louis Duncan. (18) Mar. 

Sur les Raccordements Courbure Progressive pour Voies Ferrées, 
Clothoide Tables Numériques. Maurice d’Ocagne. (43) Trimestre, 1902. 

Raccordement des Courbes avec les Alignements Droits. (Note extraite des Mémoires 
Dupuy, redigée par l’Ingénieur Chef Ricour.) (43) 
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INVESTIGATION THE PROPERTIES 
BRICK, UNDER DIFFERENT PHYSICAL 
CONDITIONS. 


This article based upon tests conducted the Civil Engineering 
Laboratories Cornell University, during the early part the year 
1901, the writer, assisted Professor Crandall, with sug- 
gestions from Professor Williams. 

The methods procedure, the results the tests, and the outline 
the conclusions are given; and the writer hopes that complete 
discussion the conclusions and comparison the work with 
preceding work the same line may brought out. 


GENERAL DESCRIPTION THE INVESTIGATION. 


All the brick used this investigation were common building 
brick, made Horseheads, New York, the Horseheads Brick Com- 
pany, and were the usual size but varied, more 
less, from these dimensions, being little less than ins. wide and 
little more than ins. thick. their manufacture mixture 


clay and shale was used, and they were made the stiff-mud process, 
under modern methods. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers, with discussion 
full, will published Transactions. 
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The tests conducted were follows: 

Compressive tests whole brick end, edge, and flat, and 

brick cubes; 

Tension tests; 

Bending transverse tests; 

Shearing and torsion tests. 

The conditions were: 

Natural brick; 

Brick filled with water; 

Reheated brick. 

natural brick” meant brick its natural condition when 
placed the market. filled with meant brick 
placed under water for sufficient period thoroughly saturated 
prior testing, this condition existing until the test was completed. 
brick” meant brick which has been subjected 
high temperature after its entrance into the commercial world. 

making the tests for compression, the bearings were ground, 
and, addition, plaster Paris and building paper were used. 
The cubes were, general, 2ins. square, two cubes being sawed from 
one brick. the tension and torsion tests, the surfaces were not 
ground, but building paper was used for bearing. the shearing 
and bending tests, the surfaces were not ground, nor was plaster 
Paris paper used the bearings. 


THE INVESTIGATION. 


The object carrying out these tests was ascertain the weak 
points brick, and, brick are subjected compression, tension, 
bending, shear and torsion, greater less degree, seemed best 
test them under all these conditions and compare the results. 

testing brick under the three conditions, natural, filled with 
water, and reheated, the writer had mind brick used dry places, 
brick used wet places, and brick which were used again after 
having passed through great fire. 

dealing with brick continually under water, without taking into 
consideration the effect freezing, one might question their strength 
compared with natural brick. that part the investigation, 
special pains were taken see that the brick were placed under water 
for least months, that they should be, nearly possible, 
the actual condition brick continually under water. 
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the case reheated brick, as, for example, those which have 
passed through great conflagration, there question the 
advisability using such brick, and that was one the reasons for 
including this condition the investigation. order bring about 
this condition, well find the weight the brick when void 
moisture, oven was built, Fig. Plate XXII, which the speci- 
mens were heated. After the brick were cooled, was sounded 
with hammer. was shaky, was thrown away; but had the 
ring sound brick, was saved and tested. The question then 
arose: the hammer test reliable the soundness reheated 
brick?” The results these tests show that is, and that testing 
reheated brick with hammer, about 12% them were found 
shaky. 

PROPERTIES THE Brick TESTED. 


following analysis the brick tested: 


Absorption Water.—In determining the quantity water 
absorbed, 500 brick such varying hardnesses would represent all 
grades found building brick, were first selected. These brick were 
then placed the oven shown Fig. Plate XXII, and were subjected 
high degree heat, night and day, for one week. the end 
that time was found that the moisture the brick had entirely 
disappeared. Each brick was then taken out the oven separately 
and weighed while still contained its maximum heat, the fire being 
kept going until every brick was weighed. The weight each the 
500 brick the dry state was ascertained this means. 

These 500 brick were next placed under water for about weeks, 
until they had absorbed all the moisture they could. Each brick was 
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then taken out separately and weighed, and thus the weight each 
brick saturated with moisture was determined. Before weighing, the 
surplus water the surface was removed means blotters. This 
gave the two weights necessary for determining the quantity 
moisture absorbed. 

Table No. shows the range absorption found, and good 
guide the absorption common building brick. this table 
seen that brick No. has the lowest absorption, being only 147.4 
gr., which only its weight the dry state; while the highest 
absorbed 490.7 gr., which 14.19% its dry weight. average 
results from the 500 brick are also reeorded Table No. and show 
larger percentage absorption than generally allowed specifi- 
cations for common building brick. specifications, determining 
the percentage absorption permitted, the weights the natural 
brick and bricks filled with water are generally used. This method 
would tend decrease the percentage absorption, recorded 
Table No. and bring very close that specified generally. 


TABLE No. WATER BRICK. 


before after water absorbed. 
immersion. immersion.| absorbed. 
| 
Very hard. Absorbed 
249.7 147.4 7.00 less water than any 
one the 500 brick. 
Very soft. Absorbed 
015.8 506.5 490.7 24.34 more water than any 
one the 500 brick. 
053.9 347.7 294.2 14,19 
from 500 spe- 


constructing the oven, hole, for ash pit, was dug the 
ground, the grate was placed level with the ground, and around 
this was built the oven. bonding material was used the casing 
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the oven, the bricks being piled break joints properly. 
places where beams were required, wrought-iron pipes were used, and 
the brick placed them. order prevent leakage heat, much 
possible, the larger openings the joints were filled with sand, and 
the roof was covered with thick layer the same substance. 


PROPERTIES. 

All the brick used determining the elastic properties were tested 
endwise. The initial load was 100 and when this load was 
applied, the initial reading was taken. total load 500 lbs. was 
then applied and second reading taken. The load was then 
removed until total 100 lbs. was again obtained and third 
reading taken. pressure lbs. was applied and fourth 
reading taken. The loading was again reduced 100 and fifth 
reading taken. This method loading, unloading and reading was 
followed until became evident that would longer safe 
allow the apparatus remain attached the brick. This part 
the apparatus was then taken off, and the brick was tested for com- 
pression, endwise. 

The foregoing method was followed with each the bricks, and 
for each four curves were plotted guides determining its elastic 
properties. Two the curves were plotted from readings taken 
from one edge, and the other two from the opposite edge the 
brick. The plotting the values each side, computed from the 
differences readings between the initial and the successive 100-Ib. 
readings, gives the curve permanent set. The two curves, one 
each side, plotted from the values derived from the differences 
readings between the initial loading and those 500, 000, 500 
lbs., etc., respectively, give the curve distortion under the respective 
loadings. The average the curves permanent set for each brick 
was ascertained taking the arithmetic mean—that is, the sum 
the two values for the corresponding loading divided two. The 
same method was followed ascertaining the averages the curves 
distortion, thus making two average curves for each brick. 

The apparatus used shown Fig. Plate XXII, and consists 
essentially two sets parts, those not attached the brick and 
those attached the brick. the former, for each side the brick; 
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there standard containing telescope with vertical and horizontal 
slow-motion screws, and scale, graduated centimeters, The 
latter consists two rocker-levers, rocker-bearings, with 
mirror one end each, one each for each side the brick, and 

Where and the lower end would naturally bear against the 
brick, small brass plate, each place, was cemented the brick, 
giving brass bearing for these points. The 
details and the lower end are 
shown Fig. 

Now, pressure applied the end 
the brick, the direction the arrow, 
moves down, revolving about the edge the 
groove Qasacenter. this means, the 
mirror the end moves through the 
same angle thus giving different read- 


ELEVATION 

ings the scale, The clamp, was 

used hold and position. Brick 
When total load 100 lbs. was applied, 

the investigator looked through the telescope 

the mirror and read the scale, centi- 


meters. applying heavier load the brick, the mirror revolved, 
and higher the scale was obtained. The question then re- 
solved itself into this form: How find, from the differences read- 
ings, the distortions under the respective loadings? Being able 
find the differences readings the scale, then, placing the scale, 
definite distance from the mirror, constant was determined, 
which, when divided into the differences scale readings, would give 
the distortions per unit length for corresponding differences 
loadings. This quantity called the constant the machine. 


The determination the constant for the apparatus worked out 
follows: 


Horizontal distance between bearings 0.44958 cm. 
Let the difference readings (which means the difference between 
the initial reading and any other reading taken thereafter) denoted 
the distance from the mirror the scale denoted After 
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venient value for was obtained. 
Let the total amount dis- 

tortion denoted then 

the distortion per unit length 
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little computing, was found that, with constant 000, con- 


Face Scale 


! 


Therefore 


were obtained. 


Therefore distance scale from mirror, 


TESTS BRICK. 


This set was tested the Riehlé, 400 testing machine, and 
consists brick edge, end, and and 2-in. cubes, for natural, 
filled-with-water, and reheated brick. The brick tested end were 
first tested for elastic properties, and, after the mirror micrometers 
had been removed, were tested for compression. 


is = 
Fig, 
0.44958 
0.44958 
Therefore 
0.44958 
Difference scale reading. 
Therefore 
distance scale from mirror. 
0.44958 
Difference scale reading. 
0.44958 
distortion per unit length; and appli- 
cable any system units. 
5 


0.44958 


0.44958 


89.916 cm. 34.4 ins. 2.95 ft. 


Difference scale reading. 
000 


Then, placing the scale, 2.95 ft.-from the mirror, the distortion 


per unit length was obtained glance. 


this method the quantities used plotting the elastic curves 
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The photographs Plates XXIV, XXV and XXVI show that 
all cases the fractures are, general, double-coned outline, and that 
the apices the cones meet the middle. will also seen that 
the angle the fracture with the bed-plane changes somewhat accord- 
ing tothe way the bricks were tested, and varies more less from 
degrees. 

testing any material under compression claimed that 
accurate test obtained using cubes instead rectangular blocks, 
the theory being that tested the flat considerable percentage 
the stress necessary for crushing used friction, which takes 
place when the outside portion the brick pushed away give 
room for the interior crush, thus causing greater stress than 
necessary for crushing. the case testing edge and end 
advanced that bending, column, introduced some extent. 
the case the cube there loss stress due friction the 
bed-plate head-block, and tendency bending, column; 
and these, alone, are good reasons for selecting the cube the ideal 
form test piece. 

comparing the averages shown Tables Nos. will 
seen that every case brick the flat are the strongest, those 
edge next the strongest, those end next the weakest, while the 
cubes are the weakest. will also seen that all cases reheated 
brick are the strongest, while brick filled with water are the weakest 
the end and edge tests, and that natural brick are weakest the 
flat and cube tests. Taking the natural cube standard test piece, 
the percentages increase been computed follows: 


Cube brick; filled with water.................. 2.2 
Brick filled with water; end.................. 4.1 
Brick filled with water; edge....... 22.0 
Brick filled with water; 104.8 
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TABLE No. 


PHYSICAL 
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AREA 
NUMBERS. 


SQUARE 


! 


OF SECTION, | 


+ 

109 19.30 
110 283 17.96 
111 285 18.18 
112 16 412 | 18.32 
113 416 17.96 
114 426 18.39 
115 430 18.61 
117 465 18.03 
118 467 17.77 
119 468 17.75 


18.21 


Averages.......... 
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Tests Brick END, FoR NATURAL, 
AND REHEATED BRICK. 


ULTIMATE 
LOAD PER UNIT OF 
HEIGHT, IN POUNDS PER 
SQUARE INCH. 


i AREA OF SECTION,| ULTIMATE LOAD, IN 
NUMBERS. SQUARE POUNDS PER SQUARE 
INCHES. INCH. 


AND REHEATED BRICK. 


Filled with 
water. 


ULTIMATE LOAD, 
POUNDS PER SQUARE 
INCH. 


IN 


Reheated. 


| EQUIVALENT ULTIMATE 
| LOAD PER UNIT OF . 


HEIGHT, IN POUNDS 
PER SQUARE INCH, 


Filled with 
water. 
Reheated. 


Natural. 


18.00 
18.35 
18.14 
18.28 
17.87 
18.28 
949 
897 
18.00 913 
164 


137 
099 
021 
878 
055 
050 
621 


832 


278 

550 
722 


326 


11 610 8 685 | 9 404 
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TABLE No. Brick For NATURAL, 
AND REHEATED 


| 


| 


AREA OF SECTION, ULTIMATE LOAD, IN 


EQUIVALENT ULTIMATE 


NUMBERS. PER SQUARE HEIGHT, IN POUNDS 
PER SQUARE INCH. 
| 
= | 
| 
EQUIVALENT ULTIMATE 
INCHES. PER SQUARE INCH. 
End. Flat End. Edge. Flat End. Edge. 


| 
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TABLE No. Brick FILLED WATER. 


| 


EQUIVALENT ULTIMATE 
SECTION, ULTIMATE LOAD, LOAD PER UNIT 
SQUARE INCHES 


PER SQUARE INCH. 


1 13 25 | 8.60 17.45 | 30.99 | 2 092 | 2 880 5 893 | 17 891 | 10 580 | 12 707 
2 14 26 | 8.77 | 18.98 | 831.85 | 8 198 | 2 226 4 783 | 25 945 8 348 | 10 049 
4 16 28 | 8.65 | 18.28 | 31.35 | 2 281 | 3 165 4 527 | 18 893 | 11 969 8 771 
5 17 29 | 8.72 | 18.68 | 31.36 | 1 97 2 594 8 359 | 16 004 | 9 728 6 925 
6 18 30 | 8.53 | 18.72 | 81.23 | 3 158 | 2 445 5 613 | 24 436 9 245 | 11 402 
11 23 35 | 8.91 | 18.00 | 31.36 1 829 | 4 104 5 089 | 15 05¢ 5 007 | 11 021 


TABLE No. REHEATED BRICK. 


EQUIVALENT ULTIMATE 


AREA SECTION,.IN LOAD PER UNIT 
NUMBERS. SQUARE INCHES. HEIGHT, POUNDS 
PER SQUARE INCH. 
14 194 128 8.89 | 18.35 | 31.87 | 3 068 | 3 521 5 256 | 24 699 | 18 427 11 662 
25 283 160 8.70 | 18.00 .77 | 2 169 | 4 278 5 783 | 17 348 | 18 984 | 12 651 
26 285 161 8.89 | 18.21 | 31.11 | 2 717 | 2 550 5 881 | 21 990 9 404 | 12 572 
53 412 181 8.77 | 18.35 | 31.11 | 2 509 | 2 722 5 807 | 20 229 | 10 462 | 11 775 
73 416 189 8.84 | 18.14 | 31.386 | 3 446 | 3 438 83 541 | 28 000 | 13 215 7 745 
91 426 279 8.77 | 18.28 | 31.74 | 1 908 | 3 253 3 862 | 15 383 | 12 098 8 327 
176 468 442 8.30 | 18.46 | 31.24 | 3 836 | 2 986 6 520 | 31 051 | 11 479 | 14 059 
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AND REHEATED Brick 


SQUARE POUNDS PER SQUARE 
PER SQUARE INCH. 


! 


| | } | | 
| | | | 


Nos. were taken from the same brick, Nos. and 14from another brick, 
and the same order was followed for all the natural, and filled-with-water cubes, except- 


ing the cases Nos. and which cases three cubes were cut out one 
rick. 


large hole was found No. 18a, and though its test recorded this table, 


not included the averages. No. 18b was cut from the same brick, and its test 
included the averages. 


Taking the filled-with-water cube and the reheated cube stand- 
ards, the following percentages increase have been computed: 
2.1, 17.3, 100.7; 23.4, 43.0, 111.9 for end, edge, and flat, filled-with- 
water and reheated brick, respeetively. Tables Nos. the 
equivalent ultimate load per unit height given pounds per 
square inch. This was obtained multiplying the ultimate load, 
pounds per square inch, the height the test piece. The object 
ascertaining this was some relation could shown between 
the strength standard test piece (for example, cube) and any 


other test piece, when the ratios the areas the heights are 
given. 


regard the elastic properties, the averages the results are 
shown means elastic curves, seen Figs. and Plate 
XXITI. There are two methods averaging these curves, the results 
one being shown Figs. and the other Plate XXIII, and 
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Distortion per Unit of Length 


ELASTIC PROPERTIES 
NATURAL, FILLED-WITH-WATER 
AND REHEATED 


CURVES COMPRESSION 
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FIRST METHOD OF AVERAGES 
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CURVES PERMANENT SET 
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FIRST METHOD AVERAGES 


2400 
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each method divided into two sets, viz., curves compression and 
curves permanent set, for natural, filled-with-water, and reheated 
brick. the former set the curves are plotted from values obtained 
while the successive total loads 100, 500, 1000, 
were being applied, and the latter case while the successive 
loadings were being applied. these curves, the initial loading was 
taken 100 which was per square inch, more less, 
instead zero. The object doing this was be-sure that the 
head-block was not removed from the test piece after was once 
placed, thus securing the same bearing, which would not have always 
been the case had zero been used for the initial loading. 

are averages natural, filled-with-water, and reheated brick, respect- 
ively. The method averaging, the first set, Figs. and taking 
the natural brick example, follows: 

The total loadings reached the several bricks, before the rocker 
bearing and rocker lever were removed, were follows: 


Brick No. 


Bricks Nos. 97, 101, 104 and 106 were averaged together 
000 loading, making average four bricks, shown 
Curve Brick No. 108, together with Bricks Nos. 97, 101, 104 and 
106, were averaged 500 making average five bricks 
for 500 shown Curve Brick No. 107, together with 
Bricks Nos. 97, 101, 104, 106 and 108, were averaged 000 
making average six bricks, shown Curve Brick No. 102, 
together with Bricks Nos. 97, 101, 104, 106, 107 and 108, were averaged 
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shown Curve This method averaging was followed for the 
natural, reheated, and filled-with-water brick, each havirg its own 
independent averages. 


Figs. and the bricks included the averages for the several 
curves are follows: 


Curve. Numbers Bricks. 
Nos. 14, 53, 94, 171, 176 and 185. 
All bricks and No. 25. 

Nos. 97, 101, 104 and 106. 
Nos. 97, 101, 104, 106 and 108. 
Nos. 97, 101, 104 and 106 108. 
Nos. 97, 101, 102, 104, and 106 108. 


the second method, Plate only those brick which were 
loaded the same point before removing the mirror micrometers 
are averaged curve. Those bricks (Nos. 97, 101, 104 and 106), 
carrying loading lbs. before the removal the mirror 
micrometers, are represented Curve Curve the average 
all bricks with loading 500 which single brick, No. 
108; Curve made the average all bricks with load 
000 lbs., and consists only one brick, No. 107; Curve made 
all bricks with 000 lbs., and single brick, No. 
102; Curve made all bricks with load 000 Ibs., and 
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consists the average two bricks, Nos. and 100. This method 
averaging was followed for the natural, reheated and filled-with- 
water brick, each having its own independent averages. 

Plate XXIII the bricks included the averages for the several 
curves are follows: 


Curve. Number Bricks. 
No. 91. 
No. 104. 
Nos. 73, 14, 176, 94, 185, 171 and 53. 
No. 108 


The apparatus used this test was very sensitive, sensitive that 
even the vibration the scale beam gave slightly different reading. 
After taking the different readings, the differences readings were 
computed. The values the ordinates for the curves compression 
were taken the differences between the initial readings and the 
successive readings the loadings 500, 000, 500 etc., while 
the differences readings for the curves for permanent set mean the 
differences between the initial readings and the successive 
readings, taken after the successive loads 500, 000, 000 
etc., had been applied. 

measuring ordinate curve permanent set and reading 
the value the load line, one able tell glance between what 
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two loadings, the curve compression, the 100-lb. reading was 
taken. For example, suppose there certain amount distortion, 
measured the length ordinate for loading, located 
the load line per square inch. This means that after load 
427 lbs. per square inch had been applied for the curve compres- 
sion, certain amount permanent set, measured that ordinate, 
took place under the following loading. 

brick made granular substance, more less irregu- 
larity the elastic curves might expected, and that they would 
likely more irregular natural brick, where the granular 
particles are dry and are thus unable change their relative positions 
readily account friction, than the case brick filled with 
water, where the granular parts are wet and slippery, thus reducing 
friction minimum and allowing the particles adjust themselves 
more freely under the respective loadings; reheated brick, where 
the particles have become more solidified, and are now more solid 
mass and less granular, causing the brick increase stiffness and 
its particles change their relative positions more uniformly. 
examining the elastic curves, both for compression and permanent 
set, will seen that this statement well substantiated the curves 
for the natural brick being the most irregular, those for brick filled 
with water the most regular but the weakest stiffness, while those 
for reheated brick show the greatest stiffness. 

testing any granular material, the theory that these particles 
slide one another, and change their relative positions under differ- 
ent loadings. Undera certain loading the particles occupy certain 
positions, but applying heavier loading they change their relative 
positions, causing, for example, the brick shorten. Now, 
releasing this loading, the particles adjust themselves different 
positions. Upon applying still heavier load found, that the 
brick not distorted much under less loading, showing that 
the particles, previous this loading, had taken firmer position, 
and that the irregularities the curve are due the greater less 
compactness assumed the particles from time time. 


The modulus elasticity for compression was found for the initial 
loading and for every 500 lbs. loading 10000 for each 
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brick, thus giving twenty each brick. The average these 
twenty moduli, which run very uniformly nearly every brick, gave 
the average for the brick, recorded Table No. The average 
for the twelve brick eachsetisalsorecorded. The lowest modulus 
obtained any brick was 500 000 lbs. per square inch, and the highest 
000 lbs. per square inch. will seen from Table No. that 


reheated brick have the highest moduli, while brick filled with water 
have the lowest. 


TABLE No. COMPRESSION, FOR NATURAL, 
WATER, AND REHEATED 


MODULI ELASTICITY, POUNDS PER 
NUMBERS. SQUARE INCH. 


Natural. Filled with 


540 000 350 000 056 000 
105 104 924 000 904 000 840 000 
107 176 102 000 806 000 200 000 


computing the moduli, use was made Hook’s Law; that is, 
the distortion proportional the stress, within the elastic limit. 
Hence the moduli were obtained dividing the stress the corre- 
sponding distortion per unit length. 

The writer would have liked determine also the moduli for shear, 
torsion, bending and tension, addition that for compression, 
the distortions had been sufficient magnitude measured. 


making the tension tests the Riehlé, 400 testing machine 
was used, the apparatus consisting essentially two clamps, one 
for each end the brick, pivot bearing, shown Fig. 

The rod, was attached the head-block the testing machine 
and was allowed considerable lateral motion, adjust itself 
direct pull the brick during testing. The square bar, was 
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bolted the spread portion the rod, and contained its middle 
pivot, upon which plate, and the lower part the clamp had 
its bearing. The plate, rests upon with considerable range 


SECTION SHOWING 


PIVOT 
SIDE 
ELEVATION FRONT 
ELEVATION 
CLAMPS USED TENSION TESTS, 


movement, for the sake direct pull during testing, shown the 
cone-shaped impression Fig. The bent rods, were not attached 


AND REHEATED 


AREA SECTION, SQUARE ULTIMATE LOAD, POUNDS 
NUMBERS. INCHES. PER SQUARE 
133 8.84 8.58 292 189 266 
142 8.77 8.84 8.51 205 219 182 
155 8.72 8.67 123 218 163 
191 9.11 8.96 8.84 149 112 169 
215 9.08 8.82 8.89 127 204 149 
231 8.82 8.44 263 242 402 
422 8.67 8.77 8.55 186 216 
428 8.65 8.96 8.60 282 159 
459 8.89 8.70 278 161 
460 8.65 8.39 8.63 156 238 157 
491 9.23 8.65 8.70 107 188 268 
8.75 8.68 201 209 225 
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rigidly the plate, nor the jaws, but had sufficient play allow 
the two jaws, separated accommodate brick vary- 
‘ing thicknesses. With the brick place was fastened securely 
means the two bolts, 

The results the tension tests are recorded Table No.10. 
photograph the fractures shown Fig. Plate XXVII. The 
results show that reheated brick will stand higher tensile strain than 
those either the other conditions, and that brick filled with water 
stronger than natural brick. 

Engineers, general, believe that the cause failure brickwork 
due largely tension, and the tensile strength brick low 
and the chances for stress under tension pronounced, looks 
though this was one its weak 


BENDING TRANSVERSE TESTS BRICK. 


this test the brick were tested flat, and had plaster Paris 
ground surfaces for bearings, but rested directly upon knife-edges 
Olsen testing machine. The distance between the lower knife- 
edges was ins. and the top knife-edge, which was applied, 
was ins. from either bearing. 

The results tabulated this test are the modulus rupture 
stress the outer fiber, and the atthe center, Inthe 


former case the formula used was which not strictly 


but customary, these cross-breaking tests material 
ing elastic limit not easily determined. the latter case, during 
the test, the should have been measured, and the modulus, 


for bending, computed from the formula which 


formula true only within limit. The deflection was 


small that the writer was unable measure it, but, wishing give 
some idea the deflection brick, has computed the deflection 
from the foregoing formula, using the breaking load and the 
modulus for compression. The true value would undoubtedly 
smaller than the value obtained, within the elastic limit, 


somewhat smaller, and the modulus for bending considerably 
larger, than for compression. 
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the foregoing formulas: 
moment inertia the section. 

The theory has been advanced that the fibers above the neutral 
axis simple beam under any loading are compression, while 
those below are tension. comparison the results shown 
Table No. with those Tables Nos. for tension and com- 
pression, respectively, will show that bricks are weaker the former 
tests than the latter. From this, would inferred, naturally, 
that, the vertical shear the center zero, the brick broke 
tension. Upon looking Table No. will seen that the stress 
the outer fiber more than half the total load, and larger than 
that caused tension. The following question now arises. ‘‘The 
excess stress the outer fiber, over that tension, taken 
what forms distortion?” This excess stress, all probability, 
taken mostly compression, while small portion it, 
undoubtedly, absorbed horizontal shear. 


WITH-WATER, AND REHEATED BRICK. 


STRESS OUTER 
TOTAL LOAD CENTER,| UNDER BREAKING THE 
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SHEARING 


these tests will noticed, upon referring Table No. 12, that 
each brick was divided into halves, and that record the test 
each half shown. will seen that there quite difference 
the strength the two halves, showing that single brick itself 
not perfectly homogeneous. 


AND REHEATED 


ULTIMATE LOAD, POUNDS PER SQUARE INCH. 
AREA SECTION, 
First half-brick. |Second half-brick. Averages. 
1 | 9 8.58 | 8.96 | 8.89 583 138 349 636 179 562 §10 158 455 
2 | 26 58) 8.89 | 8.28 | 8.65 371 535 497 867 705 514 369 62 505 
3 | 27 | 129) 8.82 | 8.58 | 8.58 380 186 | 262 330 885 | 271 355 286 266 
4 | 28 | 212) 8.77 | 8.00 | 8.65 381 800 509 285 625 512 333 712 510 
5 | 29 | 286) 8.77 | 8.79 | 8.51 274 210 544 310 8319 670 | 292 265 607 
6 | 30 | 261) 8.65 | 8.89 | 8.84 453 685 543 763 353 | 430 608 519 486 
7 | 81 | 265) 8.84 | 8.77 | 8.68 279 319 513 353 506 618 316 412 | 565 
8 | 32 | 450) 8.34 | 8.65 | 8.44 528 809 461 507 116 409 518 213 435 
9 | 88 | 469) 8.44 | 8.84 | 8.65 585 | 236 37 476 411 403 530 824 886 
10 | 34 | 475) 7.93 | 8.46 | 8.79 908 5 165 542 693 198 | 725 524 182 
11 | 35 | 477| 8.18 | 8.27 | 8.68 | 492 293 554 223 285 292 858 264 | 423 
12 | 36 | 495) 8.46 | 8.77 | 8.89 | 212 253 484 449 380 579 330 316 | 526 
Averages....| 8.55 | 8.56 | 8.68 | 454 | 360 438 437 409 454 445 384 | 446 


regretted that the moduli for shearing could not obtained, 
for the reason that the deflections were sosmall that they could not 
measured. 

The fractures produced these tests are shown Fig. Plate 
The machine used was the Riehlé, 400 


testing machine, which was attached the apparatus 
shown Fig. 


The upper shear denoted which was at- 
tached the upper head-block, while the lower 
shear warked and was attached bed-plate. 
The face each shear the same vertical plane, Fic. 
which the center the machine. The half-brick tested 
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far the writer knows, brick has never before been tested 

this manner. Although, actual brick construction, the stresses 
produced under this form strain are very small and practically neg- 
ligible, was thought that would interest make such test; 

thus completing set tests all the forms strain which 

brick can subjected under ordinary engineering operations 

conducting this test, the Thurston Autographic Testing Machine, 


sometimes spoken Thurston’s Torsion Testing Machine, was 
used.* 


The machine consists, essentially, pendulum, drum, curved. 
guide which pencil arm moved and traces upon the drum per- 


manent record, shown Figs. The test piece held 


place between the pendulum and the drum two jaw 


CURVE THE CONSTANT 
FOR|THE 


THURSTON AUTOGRAPHIC MACHINE 


carrying out the torsional tests the writer first standardized 
found the constant the machine, follows: piece paper was 
first placed the drum while was unclamped the shaft, with the 
upper end the pencil rod the hollow the curved guide and the 
pencil the drum, while was turned through 180°, more less, 
thus ruling the base line shown Fig. from which the 
ordinates are measured. the pendulum was raised horizontal 
position, the pencil traced, the paper the drum, which was now 
clamped, the curve the constant, shown Fig. The pendulum 
description and illustrations the working 


this machine may found 
Thurston’s Materials pp. seq. Reference may also made 
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the horizontal position was found weigh 121 the center 
gravity the weight, which was 4.16 ft. from the center the head. 
The circumference the drum was found ins., which indicated 
that each inch the base line was equivalent angular distance 
10° for both pencil and pendulum. 

Sufficient data having been obtained, the constant the machine 
was derived, follows: 

503.36 foot-pounds, the moment for the 90° position the 
pendulum. 

The length the ordinate for the 90° position 4.4 ins., and, the 
constant the machine 503.36 foot-pounds, 4.4 ins. 114.4 foot- 
pounds per inch ordinate. The presence some journal friction 
would necessitate this being accounted for determining the final 
results. The pull the center 
the weight and 4.16 ft. from the cen- 
ter the drum, overcome the 
journal friction and hence pull the 
pendulum from its vertical position, 
was equivalent lbs. The con- 
stant for friction, the frictional 
foot-pounds. 


The test piece being rectangular 
section, the theoretical results 
obtained Grashof were taken. See Fig. 

Let length brick actually subjected torsion; 


maximum shearing stress the outer fiber (which will 


course, these formulas only apply the elastic limit not 
passed. use them beyond this limit gives only approximate re- 


sults, but, nevertheless, this the best that can done, under the 
circumstances. 
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AND REHEATED 


Shearing Stress the Outer Fiber. 


ATER. 
| 
143 0.22 526 0.229 508 470 
219 0.247 368 0.217 422 
388 0.258 626 370 0.169 410 
0.239 609 518 0.213 487 


AND REHEATED 


Modulus Elasticity for Shearing. 


NUMBER. NATURAL WITH REHEATED BRICK. 
; 37 61 13 6.429 49 900 6.021 382 900 6.127 115 200 
9 i] 38 62 1438 6.251 39 800 6.271 137 900 6.524 82 200 
219 6.999 200 6.227 200 5.924 400 
st 44 68 402 7.015 | 26 000 7.961 45 500 6.360 45 700 
| 45 | 69 455 6.647 21 700 7.889 59 900 5.780 104 100 
* “ss 46 7 456 7.202 19 400 6.493 106 100 5.847 115 200 
ss i 1 47 71 486 7.033 25 900 7.620 46 300 5.803 89 300 
493 6.698 300 6.725 700 6.044 200 
Averages.......... 6.741 500 6.687 5.810 400 
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Tables Nos. and show that there has been found torsional 
tests, shearing stresses the outer fiber, and the modulus elasticity 
for shearing, pounds per square inch, under the breaking load, 
the values these tables being for the ordinates shown dotted lines 
Figs. and 11. 

arranging these two tables, both constants and stresses were 
given for each set brick, thus enabling the reader find the stresses 
for other ordinates the curves torsion, means the constant 
and measurement ordinates and abscissas. The constant the 


1 


measure), which portion the formula 

times the length, inches, the abscissa question. The 
shearing stress for any ordinate, therefore, the constant the 
machine, expressed inch-pounds, multiplied the length the 
ordinate, inches, plus the frictional constant, ininch-pounds, which 
sum the formula, and multiplied the constant Table 
No. 13. The modulus for any ordinate divided the corre- 
sponding abscissa, multiplied the constant Table No. 14. 

The photograph, Fig. Plate XXVI, shows the specimens which 
were submitted torsional tests—natural brick the upper row, 
reheated brick the middle row, and brick filled with water the 
bottom row. all these three tests will seen that the corners 
gave way first, followed most cases series thin parallel 
curved planes. case did the failure take place the central 
portion the brick, nor, with such brittle material, ever likely 
take place there, unless the area this portion reduced consider- 
ably from what the points where the test piece held. 

The distance the grips extend into the brick would have some bear- 
ing upon the number parallel planes broken off and the distance 
these planes from the corner. The farther the grip extends into the 
test piece, the more remote from the corner will the planes break off, 
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and the greater will their number, while the distance between the 
parallel planes remains the same. The tendency the brick 
break off both its corners one end and turn around, with the 
center each end axis, Brick No. 46, Sometimes 
the corners ends diagonally opposite each other, the same 
edge, will fail first, the brick between the grips, skew 
square, respectively, shown Bricks Nos. 219 and 66, Figs. and 
11. the foregoing tests the grip jaw extended into the brick, 
which was held place wedges. 

examining the curves torsion Figs. 9,10 and 11, will 
seen that there more less irregularity the curves; indicating 
that the brick failed all once degrees. The most regular 
curves are where they failed once; the irregular curves are where 
they failed degrees. The more the irregularity the curve, the 
greater number stages during failure, and, hence, the greater num- 
ber thin parallel planes. 

studying Tables Nos. and 14, and the curves torsion, 
will seen that the natural brick stood the highest shear, and the 
reheated moduli. The highest special brick shear No. 68, 
tested filled with water; while the highestin No. was 
also tested filled with water. noticed that those bricks having 
curves with the longest ordinates are the highest bricks shear, while 
those which have the shortest abscissas are the largest moduli. 


CoNCLUSION. 


comparing the tables for the strength the brick under dif- 
ferent strains, one finds the following order increase strength, 
namely, tension, shear, torsion, bending, compression. 

This order would naturally lead one believe that the least im- 
portant test was that compression, and the most important that 
tension, the others occupying places the order given. But this does 
not follow, necessarily, for strains set certain directions are 
more marked than others. For example, torsion would stand third 
importance rated this way, but the writer believes this 
the least important test, because brickwork torsional strains are 
less likely set than any other form strain. 

The most important tests are tension and compression, these 
strains are more likely occur than any others, and, these, tension 
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the more important, the weaker stress, and, when brickwork 
fails, bulging brought out very prominently, and this produces 
tensional strains, and, less marked degree, bending and shear. 
the two remaining forms, bending more important than shear, 
strain along this line more likely occur than shear, although 
shear shows the weaker stress. 

the best kind brick use, the tables and the curves 
distortion show results decidedly favor reheated brick; but, 
taking into account the expense preparing reheated brick and the 
loss them, would use enough extra natural 
brick make the excess strength found reheated brick, 
unless the reheating has been done conflagration. Natural brick 
and brick filled with water show about the same results, that, 
general, the water does not impair the strength the brick. 

the compression test, the brick flat are the strongest, while 
the brick cubes are the weakest, and the brick end are weaker than 
those edge. this test the pieces are ins. height, 
from which the strength square inch for the respective heights 
can computed. The question comes up: What would the 
strength each these specimens were only high? The 
writer has assumed that the specimens would increase strength per 
square inch many times the specimen inches height, and has, 
result, the figures given the columns headed, Equivalent 
ultimate load per unit height, pounds per square inch.” The 
results show that this assumption wrong, and that some other ratio 
the height exists. can found more satisfactorily 
tests than assumptions. 

looking the shearing and torsional tests, Tables Nos. and 
13, respectively, seen that those Table No. are for direct 
shear, and those Table No. are for shear the outer fiber, caused 
torsional strain. the case reheated brick, the stresses are 
about the same both tables, those No. being little larger, 
while the greatest difference the natural brick, those Table 
No. being about one and one-half times those found Table No. 
12. Inthese two tables the important test that direct shear. 
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SMALL ROCK-FILL DAM. 


PRESENTED May 1903. 


The rock-fill dam described this paper was designed the 
writer for George Crocker, Esq., impound gravity water supply 
for his estate Darlington, near Ramseys, New Jersey. 

The site selected was the head ravine where the hills 
widened out, forming natural bed for alake. The site was about 
250 ft. above the farm buildings the valley the Ramapo River, 
and about ft. above the point selected for the new residence. 

The small brook running down the ravine had probable summer 
average flow from ft. per second. During extreme fresh- 
ets, this flow was increased rapidly, probably sixty seventy fold, 
as, owing the rocky formation the hills this locality, the run- 
off and rainfall are nearly equal. 

dam height ft. was decided upon being sufficient im- 
pound about 11} acres lake surface. The length along the crest 
was 235 ft. 

Rock outcropped the east side the brook, but disappeared 
the west Test pits dug the latter side showed the covering 
consist of: Gravel and soil, ft. ins.; mixed sand, gravel and 
papers are issued before the date set for presentation and discussion. 


subsequent number Proceedings, and, when finally closed, the papers, with discussion 
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clay, ft. 6ins., and blue clay beneath. The outcropping rock was 
found seamy and somewhat broken. The approach the site, 
road, was difficult, due the steep incline. The problem, there- 
fore, was the design some form dam which would easy erect 
and would require the least amount falsework contractor’s appa- 
ratus. 

Under the foregoing conditions was decided that rock-fill dam, 
backed with earth the water side, was the most expedient. Further- 
more, the cost such dam was estimated less than one-third 
the cost masonry dam equal size. 

The general plan and down-stream elevation are shown Fig. 
the cross-section Fig. and the gate-house Fig. 

The rock the east bank was blasted out, provide foun- 
dation for the gate-house, and the surface rock was prepared re- 
ceive the seams and cracks the rock were pointed 
carefully with Portland cement. 

The earth and soil, for depth about ins., was removed from 
the site the dam between the up- and down-stream toes. trench, 
about ins. deep, was then dug along the up-stream toe, and 
row sheet-piles, with lapped joints, was driven. These piles were 
ins. thick, and were driven until rock was reached the end en- 
tered the blue-clay stratum. place did they exceed ft. 
length. 

The gate-house and blow-off pipes were then constructed. The gate- 
house was built rubble masonry, laid Portland cement mortar 
The grooves for the gates and screens were six-hammered. The top 
was finished with cut-stone coping, filled the center with 
concrete. 

The blow-off pipes were ins. diameter, and were steel, in. 
thickness, stiffened every ft. 3-in. angles, which also acted 
water stops. The sheets were single-riveted and caulked. These 
pipes were bedded concrete, which was tamped closely under and 
around them. 

Ridges were left the concrete act water stops and hold 
the rock fill and earth place. 

When sufficient work had been accomplished the gate-house 
and blow-offs, the rock commenced. thus regulating the 
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work, the brook was allowed follow its natural course until the rock 
fill began dam up, when the water was passed through the lower 
the blow-off pipes. The work could thus carried from begin- 
ning end dry state and without the use coffer-dams other 
falsework. 

The rock fill was made from stone, blasted out the hillside, loaded 
wagons and simply dumped the work. Care was taken build 
the wall horizontal layers, and use sufficient quantity 
small stones and fill the voids full possible. 
carts were driven over the work progressed, order help jar 
and pack the stones. The stones were all cleaned carefully before being 
put into the wall; and, shape, were rough and jagged, all smooth 
stones being rejected. 

The best-shaped stones were reserved for hand placing the two 
faces. the down-stream face, the hand packing was about ft. 
thick, and the up-stream face from ft. the crest ft. the 
toe. This hand packing resembled dry rubble masonry, and was car- 
ried little advance the center filling. Its object the up- 
stream face was help make the dam water-tight offering narrow 
and broken joints, which would retain the matter carried leak- 
age. the down-stream face, the object was permit the dam 
overflow without material injury. spillway was provided the 
crest, because the dam was intended used driveway during the 
summer season. only rare intervals that the dam expected 
overflow, and the long crest will allow ample way for the water, 
which will not more than few inches depth the crest, even 
periods worst flood. Such floods last only short time. Should 
injury done ice overflow, the damage can easily repaired. 

The earth fill consisted almost entirely clay, which, luckily, was 
more abundant than had first been anticipated. was carried 
horizontal layers, about ins. thickness, and each layer was well 
watered and rolled with grooved two-horse roller. The water side 
was paved above the berm with flat stones, laid have 
average depth 12ins. This was done protection against ice, 

the east end the crest, rubble stone abutment was built, 
and light, steel-truss bridge extended the top the gate-house. 

The water service pipe was lap-welded, wrought iron, ins. 
diameter, with the lengths joined heavy flanges, having faces turned 
true, and bedded the concrete mass with the blow-offs. 
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The work was commenced May 21st, and completed November 
8th, finished, the dam was practically water-tight. There 
was slight leak the lower the blow-off pipes, but this dimin- 
ished volume rapidly, and ceased about thirty days. 

Fig. Plate XXVIII, shows the progress the work July 
The cut-off trench for the sheet-piling seen the left, and the 
blow-off pipes the back-ground. 

Fig. Plate XXVIII, shows the progress the work August 
1st. The sheet-piling seen clearly the right, and the rock fill 
the foreground. 

Plate XXVIII, shows the progress the work Septem- 
ber The construction the dam seen photograph. 
The hand-placed material both up- and faces, with the 
loose rock fill the center, easily 

Fig. Plate XXVIII, shows the down-stream ends the blow-off 
pipes embedded the concrete and projecting through the dam. The 


-photograph also shows the character the hand-placed work. 


Fig. Plate XXIX, shows the progress the work October 
The commencement the earth embankment will noticed 
the right. 

Fig. Plate XXIX, shows the gate-house structure October 
21st. 

Figs. and Plate XXIX, show the completed structure, with the 
pond about half full. 

The dimensions the dam are: 


The contract price was 700. 
The quantities, and close estimate the unit prices, are given 
Table No. These unit prices include all the contractor’s expenses, 


but not his profit, the work appeared cost all the contract 
price. 
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TABLE No. 


Item. Quantity. 
Earth embankment, including rolling 


The contractor was Mr. Watson Baun, Tuxedo, New York, 
whom, and Mr. James White, his foreman charge, credit due 
for the faithful way which they carried out the intent the specifica- 
tions. The writer also acknowledges his thanks William Cattell, 
Am. Soe. E., for some suggestions, and Atkins, Assoc. 


Am. Soc. E., and Mr. John Doty for their supervision the 
construction. 
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DEFLECTIONS BEAMS WITH VARIABLE 
MOMENTS INERTIA. 


The determination the defiections for the special types open- 
webbed, elastic frameworks often met with the practice the bridge 
engineer has received much attention, and very exact solutions are 
made for these problems both graphical and analytical methods. 

The determination the deflections for solid-webbed girders, which 
equal theoretical interest and often great practical importance, 
however, has been confined chiefly girders with constant moment 
inertia, and such determinations have usually been made means 
the equation the elastic curve. the purpose this paper 
give more general method for determining the deflections solid- 
webbed girders under flexure, and illustrate its application the 
forms girders most frequently met practical bridge construction. 
The plate-girder drawbridge, owing its frequent use, one the 
most important structures with which the bridge engineer has deal. 
Application the general formula this been made, with the 
object giving simple method making better design for the 
girders and end-lifting machinery for these bridges. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers, with dis- 
full, will published Transactions. 
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The writer believes that the determination the deflection girders 
with solid webs effected best means the method work. The 
general formula derived, will noticed, manner very similar 
that commonly used obtaining the general formula for the 
tions articulate structures. 

Let suppose beam any shape equilibrium under the action 
given loading, and following derivation made under the 
usual conditions imposed the development the fundamental 
formulas for flexure, and under the supposition that, where the 
forces producing bending have components the direction the 
length the beam, the effect such components producing dis- 


tortion may neglected. 


Let the bending moment any section the beam due the 
given loading; 

=the unit stress due flexure any fiber the cross- 
section, the fiber being distant from the neutral axis, 
and 
=the moment inertia the cross-section for which the 

other quantities are taken. 


Then, from the fundamental relation for flexure, have 
Under the action flexure, the fibers one side the neutral axis 
beam are lengthened, and the other side they are shortened. 


Let (an infinitesimal) portion the length the beam, and 


the change length any fiber distant from the neutral axis, 
due flexure. 


From Hooke’s Law, have general, and for fiber 


material. 


Now, simultaneously with the given loading, suppose force 


unity applied the any point any desired direction. 


Let the bending moment any section the beam thereby pro- 
duced. The stress any fiber (the same fiber for which taken) 
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this stress, assuming gradually produced, acting through 


Letting represent the area the entire cross-section, the 
work done infinitesimal portion the length the beam 


any section due the assamed load unity and the work done 


and for the internal work throughout the length the beam due 
flexure have: 


Again, let the deflection, due the given loading, the 
point which the force unity applied, measured along the line 
action the force unity, then the work done the force unity 
gradually applied is: 

(2) 

Making the total work the internal stresses due flexure (1) 
equal the total work the external forces (2), have: 


(3) 


which the value for the deflection any point beam. 

illustration the general application this formula, sup- 
pose find the horizontal deflection the upper corner simple 
span, loaded the center with the weight will 
make the problem more clear. 


This formula was first derived Professor Fraenkel. 
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Taking each half the beam separately, and taking the ends the 
neutral axis the beam the origin have: 


for the left half 


for the right half, 
which, 


for both right and left halves the beam, 


for the left half the beam, 


Substituting these values for the general equation, 
have: 


being the value for the moment inertia 20-in. (192 Ibs. 
per yard), then: 

the problems practice usually the vertical deflection 
some point horizontal beam under vertical loading that desired, 
The following five problems are deemed sufficient show the applica- 
tion the general formula finding such deflections. The girders 
the following problems have four values for the moment inertia; the 
resulting expressions for the deflections, however, are such form 
that expressions for the value the deflection for girder with 
greater less number values the moment inertia can 
written inspection. For girders with inclined flanges values the 
moment inertia can determined stated intervals, and these 
considered constant for the intervals taken. 

Problem No. 1.—Find the vertical deflection the center plate- 
girder span with three cover-plates, the girder being loaded uniformly. 
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vertical load pounds per unit 
length. Fig. will make the 
problem more clear. 


the moment inertia the 
girder has four values, the second 


part the general equation, 


U 


will have four parts: 


~ $2 a q, 


which the expression for the value the desired deflection. 
constant, the expression becomes: 
384 which the well-known formula for the deflection 


the center simple beam constant moment inertia, under 
uniform loading. 
Problem No. 2.—Find the 
vertical the center 
plate-girder span with three 
cover-plates, due vertical 
load, any point the 
span. 
The load, will placed 


_on the first cover-plate, and the 
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expression found for the value the deflection. The expression 
for the for any desired position can then written 


inspection. 


which the expression for the value the desired defiection. 
For the second cover-plate, inspection, can 


have: 
the girder, 
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Problem No. 3.—Find the 


vertical load, any point 


the span. 
will placed the first 
cover-plate, Probiem No. 


El, 
Ei, b E I, 


which the expression for the value the desired deflection. 
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Problem No. 4.—Find the 
vertical deflections the ends 
plate-girder span with three 
cover-plates, supported the 
eenter, only, and loaded with 
uniform vertical load, per unit 


length. 
a £) 


which the expression for the value the desired deflection. 
Problem No. 5.—Find the 
plate-girder span with three 


center, only, and loaded each 
Fie. 


which the expression for the value the desired deflection. 
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substituting for the above expression, the distance 
desired raise the end plate-girder draw, and solving for the 
uplift necessary raise the end the desired amount obtained. 

applying the results the preceding problems deduction 
ft. from the over-all lengths the cover-plates should made, 
for the reason that enough rivets fully develop the value cover- 
plate resist stress are not generally contained less distance than 
the first ft. the end the cover-plate. 

the aid the results Problems Nos. 4and the reactions for 
center-bearing plate-girder draw spans, with equal arms under uniform 
loading, can obtained. 

Let the reactions the ends two-span plate-girder 
with three cover-plates. From the result Problem No. have, for 
the vertical motion, due toa force, R,, the ends, the fol- 
lowing: 

If, the same time, make the value for given the result 
Problem No. equal the for above, and solve the equation 
for have: 

which the expression for the value the end reactions for plate- 
girder two equal spans having four values for the moment inertia, 
and loaded uniformly throughout its length pounds per unit 
length. 


Tf R=L,-4,=1, then R, = R, = ge vl 
would not difficult matter derive values for the reactions 


for more general case loading and span lengths; but the ordinary 
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plate-girder draw has equal arms, and the only place, under the gen- 
eral practice designing, where necessary consider the effect 
continuous loading near and over the center support. The 
maximum values for shear and moment the center support are given 
under conditions closely approximating continuous uniform load, and 
this the problem have solved. 

order see how much the ordinary method (using constant 
moment inertia) computing the moments center supports 
plate-girder draws differs from this more exact method, the com- 
parison will made for two widely different cases. 

Case very light, single-track, center-bearing, plate-girder 
draw, ins. deep, from out out flange-angles. 


Effecti 
web plate, ins. 138 ft. and 136 ft. 


(55 Ibs. per yard.) 


2, 12 x 5 10 8 
I, 1, 1, 
B i! 
i! a’ a Bt 


207 394.7 108107.8 
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The moment over the center support for this case is: 
The moment over the center support for constant moment inertia 

is: 

which shows that this more exact method gives moment over the 


center support for this case 15% greater than the usual method. 


Case very heavy, double-track, center-bearing, plate-girder 
draw, ins. deep, from out out flange angles. 


Length Effecti 
web plate, 101 159 ft. and 156 ft. 
(125 lbs. per yard.) 
2 66 : 90 3 84 82 
a a a! a’ 
B 1 


The moment over the center support, for this case, is: 


| 


The moment over the center support, for constant moment 
inertia, is: 


Which shows that this more exact method gives moment over the 
center support for this case greater than the usual method. 

The two plate-girder drawbridges selected for investigation may 
said represent fairly the results obtained the method commonly 
used designing such structures. view the results the 
investigation for these two cases, fair assume that many center- 
bearing plate-girder drawbridges are stressed considerably higher, for 
short distance over the center support, than their designers intended 
they should be. This condition affairs, believed, quite gen- 
erally known, but, far the writer knows, has not influenced 
designers. The additional material required for more correct design 
very small percentage the whole weight, and, considering the 
increased strength would give, the addition should always made- 

The objection may made that hardly necessary any 
great refinement designing plate-girder drawbridges, not 
certain that the end machinery will act designed, and, further, even 
though the condition the supports assumed, until account 
taken the effect the shearing stresses producing distortion, 
the true reactions cannot obtained. The fact that the end supports 
may out their proper position, and such manner cause 
increased bending moments over the center support, argument 
favor the most refined methods designing the structure. not 
customary consider the effect the shearing stresses producing 
distortion, designing plate-girder drawbridges; the method used 
investigating Case and Case simply more refined application 
the usual method (which considers only flexural stresses). order 
determine the effect the shearing stresses producing deflection, 
the following investigation made: 

Let take any portion beam 
equilibrium under the action trans- 
the resultant position, direction 
and amount all the forces the right 
the section then clear that 
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the portion the beam under consideration would kept equi- 
librium the couple, Fa, and the shear, 

general, matter what may the actual distribution the 
stresses any section beam under given loading, these stresses 
may resolved into equivalentcouple The effect the 
couple doing work has been determined accordance with the 
common theory flexure. Going back (1), and rewriting the 
expression for the work the internal stresses, have 


for the work the flexural stresses 
oO 


derive the expression for the work done the shearing stresses: 
Let shear any point, due the given loading; 
any point, due load unity the point where 
desired; 
and let infinitesimal portion the length the beam; that 
is, let considered distance between two consecutive sec- 
tions the beam. 
Then, under the action the shearing stress, the two con- 


secutive sections will have relative motion assume that 


the shearing stress distributed uniformly over the cross-section. 
Now, for the flexural stresses, will suppose the force unity 

applied gradually; then the work done the shearing stress, 

portion the beam, due the force unity, 


Making the expressions for the external and internal work equal, 


oO 


The shearing stress not distributed uniformly over the cross- 
section, and hence the term for the work the shearing stress should 


have: 


modified coefficient. The value this co- 
efficient for rectangular section very readily shown 


For section, shown Fig. 10, which close 
enough approximation plate-girder cross-sections, for 
all practical purposes, the work done the shearing 
stresses due unity, taking the intensity the vertical 
shear equal the intensity the horizontal shear all points 
the cross-section, two flanges 


and the web 


E, 

The total work the entire cross-section the sum these, and 


This expression such involved nature that simple inspec- 
tion gives very little information the relative value the work 
the flanges and web that the work the entire cross-section. 
For the purpose getting definite idea this relation, and, the 
same time, for reinvestigating the plate-girders Case and Case II, 
approximate sections for the end and center each these girders 
will assumed. 


Case 
Approximate end-section: Approximate center-section: 
h=36 
t 3 t — 3 
Work flanges 0.0003 Work 0.0008 
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Case II. 
Approximate end-section: Approximate center-section: 


d= 9 d= 


t= ‘= 6s 


Work flanges 0.0006 Work flanges 0.0013 


From this seen that the amount work done the flanges 
very small part the total work the cross-section. similar 
investigation section more closely approximating the actual 
cross-section plate-girder, shown Fig. 11, would 
show considerably larger amount work for the flanges; 
but would still very small. Therefore, investigat- 
ing the effect shear producing distortion plate- 
girders will very nearly correct assume that the web 
alone resists all the shearing stresses. This assumption 
would give deflections little too great, the flanges 
plate-girder take small part the shear—for plate-girder 
such that Case the vertical flange plates and the vertical 
legs the flange-angles take considerable shear; however, the 
investigation follow, the effect the unequal distribution the 
shear over the web will neglected. 
This assumption produces error opposite generally greater 
than the first assumption, that the resulting deflections determined 
under these assumptions will very nearly correct, but probably 
trifle too small. 
The general equation for the deflection plate-girder varying 
cross-section now becomes 


{ 

| 


From this the expression for the value the deflection for Problem 
No. becomes 
2 


3 
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and for Problem No. becomes 


The expression for the value the end reactions for plate-girder 
two equal spans, the girder having four values and loaded 
uniformly throughout its length pounds per unit length, is: 


2 2 3 Ay 


Using this expression investigating Case and Case IT: 
For Case 


and the moment over the center support, 


This moment only 2.6% less than that found the first investi- 
gation for Case 


For Case IT: 
and the moment over the center support, 


This moment less than that found the first investigation 
for Case 

The result this reinvestigation for Case Case shows: 
For the shorter and lighter draw-span, that the deflection the end 
the span, due the shearing stresses caused uniform loading, 
about that due the flexural stresses from the same cause; that 
the deflection the end the span due the shear caused load 
the end about that due the flexural stresses from the 
same cause; and that the calculated moment over the center support, 
obtained consideration the flexural stresses alone, about 
greater than that obtained taking into account the effect 
the shearing stresses. 
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For the longer and heavier draw-span, the consideration the 
effect the shearing stresses shows differences about twice great, 
‘in each instance, was shown for the shorter and lighter structure. 
That the effect the shearing stresses should greatest the long 
girder, does not seem accord with the fact that, for beam 
constant cross-section, the relative effect the shearing stresses 
less the longer the span; inspection all the elements the prob- 
lem shows that the much larger moment inertia and the relatively 
less area the web the long girder are more than sufficient over- 
come the effect its greater length. view the results this 
investigation would seem necessary consider the effect the 
shearing stresses, modifying the effect the flexural stresses 
designing, only for very deep girders subject very heavy loads. 
The amount labor required for proper consideration the shear- 
ing stresses very small, that whenever great accuracy required 
they should always considered. 
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THE PANAMA CANAL. 


Discussion.* 


ing paper the Panama Canal and its problems will appeal strongly 
all engineers, and doubt awaken wide discussion. far, the 
writer has not been the discussion the papers the 
Isthmian Canal problem has seen, discover whether the Chagres 
mountain torrent clear water, rolling stone, gravel and sand 
along its bed, silt-bearing stream, charged with mud well 
sand. opinion, there vast difference between the two, not 
alone affecting the cost the up-keep the canal, but also the 
practicability the scheme, now little talked of, for sea-level canal, 
and related the problem the Bohio Dam. 

The writer has had twenty years’ experience canal, miles 
long and 250 350 ft. wide, the Mississippi River, Keokuk, Iowa. 


This canal receives the, times, muddy water the river, necessary 


feed and provide for lockage; and, addition, two small creeks 
and few short watercourses empty into the canal. The rain- 
fall this latitude only ins., against 200 ins., thereabout, 


the Isthmus, and yet requires the almost constant attention 
dredge keep the channel open for navigation. 


This discussion (of the paper George Morison, Past-President, Am. Soc. E., 
printed Proceedings for January, 1903), printed Proceedings order that the views 
may brought before all members the Society for further discussion. 


this subject received prior April 24th, 1908, will pub- 
lished subsequently. 
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the twenty years the writer’s connection with the canal, 
600 000 cu. yds. mud, sand and gravel have been removed from 

the canal prism length not more than miles; two deep pools 
the lower ends reaches the canal not yet having shoaled suf- 
ficiently require dredging, and aggregating about miles the 
miles canal. 

several occasions single storm, lasting not hours, has 
thrown enough material into the canal keep large Osgood dredge 
work for month removing it, working night and day out the 
hours. would seem that any sea-level plan would negatived 
the dredging requirements keep the channel open. 
With 32-ft. boat would require but small rush water from 
some side stream cause stoppage navigation. The sea-level 
canal, necessarily, would the recipient all the débris washed 
down the tributary streams. large rock rolled into the channel 
would cause the sinking the first heavy-draft steamer that came 
along, and, fact, the delays and expense would interminable. 

the Keokuk Canal sluice the upper level allows short 
tow for the dredge tender, the sluice used wash the dredged 
material into the river opening certain gates. Panama there 
would seem method getting rid the material dredged 
except elevating the sides the canal, towing out 
sea. these methods would slow and very costly. 
Even there clear water all times, there will be, for sea-level 
canal, constant trouble the mouth every creek and river. 
true that dams along the course these streams would retain por- 
tion the débris for time, but they would soon fill up, and dredg- 
ing would have the result the end. This has happened 
already the Keokuk Canal. From dredging standpoint, the sea- 
level canal looks like impossibility. 

All this changed the admirable high-level reservoir and lock 
scheme worked out the Canal Commission and Mr. Morison. 
Whether bearing silt, only sand and gravel, Lake Bohio will per- 
form most valuable office providing settling ground for the 
water used the canal. doubt the greater part the sediment 
will remain the lake, and the necessity for constant dredging the 
canal prism will avoided for long time. 

Mr. Morison’s design for temporary dam seems the writer 
sufficiently good for the permanent structure. 
reason why should not adopted the material for permanent 
and high dams. should remembered that such dam 
sketched Mr. Morison’s paper The Bohio Dam can made 
absolutely tight. The construction would afford view the lower 
side the dam all times, and all leakage could detected and 
stopped atany time. kept painted, would rust only the upper 
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side, and the rate deterioration would very small. Wrecks ves- Mr. Meigs. 


sels thirty years and more under water, the upper part the Missis- 
sippi River, show their ironwork but little loss from rust. brown 
scale formed the surface, looking like brown varnish, and this 
seems protect the iron. 

the dam were built early the progress ofthe work, would not, 
means the lake, give cheap means transporting the spoil from 
the prism thecanal? Thatspoil, dumped from barges above the dam, 
would, the course the construction the canal, fill the valley, and 
would make dam that would absolutely beyond suspicion, and 
little comparative expense where the work almost entirely cut 
for would cut that off entirely, for seems the 
writer that the percolation has been more dreaded than there any oc- 
for. Mr. Morison’s iron dam were merely set upon broad 
sheet concrete extending some distance above the dam, and the 
bearing under the dam were fortified driving plenty round pil- 
ing give firm foundation and also consolidate the soil; this 
dam were built between abutments stone, with earth embank- 
ment beginning the point where would possible reach bed- 
rock with caissons, thus securing tight connection with the bottom 
the geological valley; and if, under the sheet concrete, several rows 
sheet-piles, preferably iron, like the dam, were driven across the 
valley from one abutment the other, the writer thinks that the 
foundation the dam, and the percolation beneath it, would 
ciently guarded, without having tothe unparalleled depth for foun- 
dations, which, the minds many engineers, seems necessary. 
There are, India, tanks, they are called, which are formed 
earth dams heights equal the Bohio Dam, have stood for 
centuries. Some these dams, said, were built sluicing ma- 
terial from the adjoining hills troughs fed the mountain streams 
the vicinity. not likely that the people who built those dams 
went into refinements about bed-rock foundations. 

the section marked B*, the map dam sites, would seem, 
from rough caleulation, that dam might constructed consisting 
350 ft. embankment each end and connecting section iron, 
not more than 550 ft. long. This iron dam would about 100 ft. 
high, but what better more trusty material can found? The 
culation the forces entering into the problem are simple, too; much 
simpler than the case bridge, and the material would used 
economically. The work could done temperate climate—all 
but the setting up—and, during erection, the river could allowed 
flow between the bents until the final moment closure. this 
feature—of doing most the work high-class shops and shipping 
out ready erect—that most commends itself. Finally, this 
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dam were erected early, and, being tested, were found wanting, 
could replaced with some other structure, without interfer- 
ing with the opening the canal. The writer cannot help thinking 
that Mr. Morison’s estimate for the earth dam too low, though, 
built, would certainly solve the problem. 


THEODORE Am. Soc. E.—Mr. Morison’s plan for 
tide-level canal, outlined his excellent paper, very attractive 
one, and must appeal all engineers and others who take any interest 
whatever the question. 

Heretofore, the control the Chagres River, has been the great 
stumbling block the way sea-level canal. The International 
Technical Commission, under the leadership the genial Lesseps, 
declaring for sea-level canal Panama, certainly showed lack 
boldness conception assertion. But easier said than 
done.” 

far the writer aware, tangible, practical plan for the 
control the Chagres, beyond proposition dam the river Alha- 
juela and divert its waters, from the reservoir thus formed, through 
new channel the sea sufficient distance from the canal, had 
been evolved. The managers the enterprise Paris evidently 
depended upon the many eminent engineers who were sent out the 
Isthmus solve the problem all its working details the spot. 

These, turn, for the most part unused accommodating them- 
selves the new and strange surroundings, unnerved the debili- 
tating influence the climate, and over-awed the apparent 
impenetrability tropical jungle and the magnitude the problem 
before them, threw their hands despair and either fell victims 
the pernicious fevers, or, survivors, were subdued spirit. 

The rest the story—the prodigality the management, the sub- 
sequent exhaustion funds and the final abandonment the sea-level 
canal favor lock canal—is matter history, and needs 
further mention. 

This grand failure make good the decree the International 
Technical Commission has been like ban upon the project sea- 
level canal with the majority engineers ever since. Therefore, 
refreshing and reassuring have engineer Mr. Morison’s standing 
come out with proposition for tide-level canal entirely new lines; 
lines such bold simplicity that once they not only assure the 
feasibility the plan, but call forth unstinted admiration for the 
author’s sagacity, and give evidence his fitness deal with such 
problems. 

The plan, outlined the paper, seems have been left, prob- 
criticism and discussion. far the plan outlined the author, 
the speaker has criticism offer, but only desires point out 
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certain natural conditions and features connection therewith, Mr. Paschke. 
which, when properly adjusted, may tend assist making those 
outlines little more definite. 

Mr. Morison, calculations based upon reliable data, regarding 
the discharge the Chagres River, has drawn the conclusion that 
would require canal 400 ft. width accommodate the maximum 
ordinary flood discharge without injury the canal; with the reserva- 
tion that this width might prove inadequate for repetition flood 
like that 1879. the speaker has only one comment make, 
and that is: Why draw the limit width Having gone 
that far, would well little farther and obtain adequate 

factor safety. However, the speaker quite agrees with Mr. Morison 
that the construction dam Alhajuela would more rational 
measure, not only for the control the Chagres waters, but for another 
reason mentioned directly. 

Mr. Morison has given the average elevation the bed the 
Chagres Gamboa ft. above tide level, and the elevation the 
bottom the canal ft. below. This makes fall ft. from 
the bed the river the bottom the canal. discharge 000 
cu. ft. per second over precipice ft. high almost makes one think 
Niagara. plain that something must provided meet this 
condition. Some sort receiving basin pool, adequate dimen- 
sions, will have excavated, bring the waters rest, that 
they may enter the canal quietly. 

The contemplation this feature naturally leads another 
question: What becomes the detritus and the sediment brought down 
the river during floods? How that taken care of? 

regretted that little consideration has been given this 
subject the various commissions and engineers who, late, have 
reported and written upon the problem Isthmian Canal. This 
subject very important feature any proposition for the control 
the Chagres River, and, ignored the formulation the plans, 
will force itself, sooner later, upon the operators the canal when 
completed. would well have some systematic observations 
upon this subject made during the coming rainy season, ascertain 
the amount and character the sediment carried suspension the 
Chagres River during floods. 

The topography Central America has character peculiar 

itself. throughout. The underlying rocks are covered 

with deep layers ashes dust, varying fineness, giving 
the country, its principal features, soft, undulating profile, 
which only pierced here and there groups volcanic cones, 
for the most part now silent, but bearing witness former activity. 


The accentuations which occur the landscape are principally 


due the action water. This action furrowing the surface 
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Mr. Paschke. and deepening and widening the barrancos down bed- 


rock still going on, and may observed any the mountain 
streams during flood. inspection the steep banks will reveal, 
like open book, the character and thickness the various layers 
voleanic dust ashes, and give unmistakable language ac- 
count the magnitude the process necessary for the formation 
these covering strata. With the exception few isolated cases, 
very little evidence has come under the speaker’s observation show 
that the latter part the eruptive period that country, flows 
liquid rock lava have taken place. seems that during this 
period, the eruptive material only been ashes dust, these 
materials mixed with water liquid mud. This latter observation 
has been verified the many traditions among the aboriginal inhabi- 
tants relating water- mud-throwing volcanoes. 

Most this material has attained certain consistency, 

certain degree hardness cohesiveness, which allows stand, 
when pierced excavation like that for railroad cut, with 
slope approaching very nearly the vertical. fact, the speaker’s 
experience has been, that the nearer the vertical the faces 
these slopes are kept, the better they stand, provided the surface 
drainage above properly taken care of. The reason for this is, that, 
the first place, characteristic most this volcanic material, 
that its surface, when exposed atmospheric influence, hardens 
slightly, giving crust-like protection; secondly, the nearly ver- 
tical face not exposed the action the tropical rain torrents 
such extent face the ordinary and customary slope 
However, the other hand, all this material yields easily erosion 
flowing water. This may traced out readily any the 
mountain streams that country. 
When exposed the action flowing water this material 
reduced quickly its original form, the coarser particles, the form 
sand, are carried down stream, varying distance, but the finer 
particles, which some cases form far the greater portion the 
mass, are carried off complete suspension, which condition they 
are held for long time. Even when the speed the flow has slack- 
ened has come practical standstill, the case stream 
emptying into lake reservoir, the process deposit slow. 

All accounts and descriptions the physical character the 
Isthmus Panama agree that and the speaker’s obser- 
vations, made while crossing the Isthmus two different occasions, 
confirm the view that the general description the covering strata 
Central America, given, applies also the Isthmus, possibiy 
somewhat less marked degree. deduction that the Chagres 
River exception, this respect, any the larger Central 
American rivers which have come under the speaker’s close observa- 
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tion, would seem entirely logical. inspection the river Mr. 


beds that region any appreciable elevation above sea level, where 
the flood waters are entirely confined the banks, will fail reveal 
evidences the quantity fine silt carried their flood waters, for 
the reason that nothing but portions the coarser particles—the 
sand and gravel—remain, the finer silt particles are carried down 
stream suspension, and, the not large enough overflow 
the lower banks, are carried the sea. 

Returning now the discussion the tide-level canal, 
observed that the proposed dam Alhajuela will serve most admirably 
the two-fold purpose controlling the waters and detritus 
brought down from the upper valley; but, even so, one confronted 
the fact that there exists the tendency silt this reservoir 
time. control the Chagres waters depends upon the 
unimpaired capacity this reservoir, then its gradual silting 
serious condition, and must reckoned with the designers the 
canal works. 

From Alhajuela, the foot its dam, Gamboa, where the river 
strikes the canal, about miles, according Mr. Morison’s state- 
ment. Some tributary streams empty their waters into the Chagres 
here, and their united waters, the time they arrive the canal, 
will highly charged with sediment. The proposed receiving basin 
this point, mentioned before, can made settling basin en- 
larging and deepening somewhat below the bed the canal. 
periodical dredging, this basin can kept clean, and this way the 
water entering the canal will freed all coarser sediment. How 
much the finer particles silt would deposited the canal, 
under the varying conditions current speed, will be, this time, 
for want reliable data this subject, purely matter conjecture. 
the speaker were venture opinion, would be, that the quan- 
tity deposited under these conditions would proportionately insig- 
nificant, and insufficient cause doubt the feasibility the plan. 

Again, the arguments just advanced are applied the plans for 
lock canal, and Bohio Lake particular, the conclusion 
evident that something must done prevent the lake from silting 
up. Two ways suggest themselves, which, singly combination, 
would effect partial remedy. One the dam proposed built 
Alhajuela for the tide-level canal would the same service for the 
lock canal. The other would reserve the part the lake 
periodical dredging. 

both cases, though, are confronted with the ever-existing 
danger the final silting the lake the finer material which 
cannot precipitated the settling basin; however, with the 


ameliorating condition, that the process will exceedingly slow 
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return the subject sea-level canal, would interest- 
ing indeed some the engineers who are members the Isthmian 
Canal Commission could would give some idea regarding the 
feasibility, and probable cost, the so-called diversion the Chagres 
River from the Alhajuela Reservoir, proposed the old Lesseps 
Company. 

this all feasible, and the cost not great prohibi- 
tive, under the present circumstances, then would seem that this 
plan should stand first the list for consideration. the other 
hand, should the plan found impractical, then, certainly, the plan 
for tide-level canal, outlined Mr. Morison, deserves serious 
consideration the Commission. 


Harrison, Am. Soc. E.—The question whether the 
canal across the [sthmus Panama should sea-level canal, with 
only tide locks, high-level canal, with number locks reach 
the summit-level, has been subject discussion ever since the pro- 
ject was first proposed. The author has presented some the diffi- 
culties involved constructing sea-level canal, but there are still 
others which can inferred, but more specifically mentioned. 
the Chagres River taken into the canal near Obispo, then 
the canal from this point Colon must large enough take the 
flood volume the river Obispo, and, addition thereto, all the 
tributary streams between that point and Gatun. 

Assuming that the depth ft., bottom width, 400 ft., with side 
slopes and that the discharge the river 100 000 cu. ft. 
per second; then, the canal from Obispo Colon there would 
surface slope from ft., and mean velocity more than 
miles per hour, and perhaps amaximum velocity miles per hour, 
parts this flood volume were frequent occur- 
rence long duration, might advisable make larger channel 
and thus reduce the slope and the velocity the water the canal. 
But there another phase the subject which must considered, 
viz., sedimentation. 

channel the foregoing dimensions would have, low water, 
cross-section 450 sq. ft. the discharge were 450 cu. ft. per 
second, then the mean velocity would ft. per second. 
velocity the very fine particles material suspended the water 
would settle the bottom the canal, and sand would deposited 
when the discharge was 000 cu. ft. per second. probable that 
greater discharge than this would carry the suspended matter out 
into the bay Colon, and, addition, scour out some the de- 
posit which had been made lower stages the river. The net re- 
sult this would that nearly all the sediment carried the 
Chagres River would have dredged out the canal between 
Obispo and Colon, or, out the Bay Limon Colon, which would 
make the cost maintenance very great. 
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The author estimates that ‘‘the time which the discharge Mr. Harrison. 
Gamboa would exceed 000 cu. ft. per second, that Bohio 
000 cu. ft. per second, would probably not more than ten days 
twenty would mean that there would some sedimen- 
tation the canal practically all times; but there are data 
determine the quantity suspended matter carried the water 
the quantity sand and gravel moved along the bed the river 
the force the current. low and medium stages the Chagres 
the water not nearly muddy the Mississippi River above St, 
Louis, and carries less sediment than the Hudson River above Troy. 
The speaker has not observed the condition the Chagres flood 
times. Whatever this quantity may be, certain that large part 
would have removed from the channel dredging. This 

maintaining the channel. 
the sea-level canal would also necessary provide some 
special method taking into the canal all the streams from Gatun 
Obispo. Much the largest these the Chagres point near 
Gamboa. The flood discharge this point may vary for different 
years from 000 100 000 cu. ft. per second, and must con- 
ducted from the river, which about ft. higher than the bottom 
the canal, into the canal such way not produce cross- 
currents which would impede navigation erode the banks. This 
would require the construction dam across the river, 
with apron down about the level the bottom the canal, and 
then the excavation new channel from this point the river, 
alignment that would cause enter the canal direction 
nearly parallel it. dam and the channel leading from 
the canal were not built, then the slope the bed the Chagres 
would readjusted for miles stream, and all material eroded 
this readjustment would deposited the canal and would have 
removed dredging. 

These structures, for controlling flood volume 100 000 cu. ft. 
per second, would very expensive. The cost would depend the 
character the foundations had and the kind structure 
built, and also upon the distance the dam would located stream 
from the canal. The data are not hand for designing these struct- 
ures and estimating their cost, but certain large item. 
Similar provision must made for taking into the canal all the 

streams between Obispo and Gatun, but they are small compared with 

the Chagres. may that the author has included these two items 

his estimated cost for sea-level canal; but has not, then they 

may properly added. Independent channels for the canal and the 

river would avoid these difficulties, but, unfortunately, safe loca- 


tion for such river channel has yet been found that could con- 
structed reasonable cost. 
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From personal study the situation, the speaker believes that 
the summit-level, proposed the author and the Isthmian Canal 
Commission, with the long spillway Gigante, the best solution 
the problem. makes the control the much-dreaded Chagres both 
easy and certain. 

the author’s estimate cost, 20% added for engineering, po- 
licing, sanitation, and all other expenses not included the unit 
prices for the various classes work. This may seem excessive 
those not familiar with the climatic conditions and the work 
done. The canal located tropical country, which hot for 
twelve months the year aud wet for from eight nine months. 
Exposure the night air the midday sun almost certain pro- 
duce sickness the unacclimated peoples the North, from which all 
the technical talent must secured. this climate, work and all 
other things must done moderation. will require twice 
large engineering force similar work would require this coun- 
try. The water supply and sanitation must provided and main- 
tained, which will item considerable cost. The brush and 
timber must cut and burned the entire area Lake Bohio, 
which about miles. Should this not done, the dead timber 
would float lake, impede navigation and interfere materially 
with the operation the locks. The allowance 20% seems 
too small, rather than too large. 

the first paragraph page 43,* the author has outlined briefly 
important feature the the work,” which, 


neglect, but invite disaster, great increase the cost the whole 


work, and longer time for its execution. 

There are but two seasons known the Isthmus, the wet season, 
which generally from May January, and the dry season, which 
generally from January May, though many years either these 
seasons may begin earlier later than the months above mentioned. 
The domestic water supply during the wet season collected tanks 
from the rain which falls the roofs the houses, and this, usually, 
pure and always abundant, for rains every day; but during the 
dry season the water obtained from rains and from water 
which was stored the tanks during the wet season. The result 
that.the better class people has sufficient supply last through 
the dry season, but the laboring class does not, and secures water 
from the most convenient streams swamps. The dry season 
usually considered much more healthful than the wet season. While 
the Isthmus, Chief Engineer for the Isthmian Canal Commis- 
sion, the speaker collected health statistics which showed that the 
sickness and death rate were much greater during the dry season than 
during the wet season. analysis these statistics revealed the 
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fact that the dry season there was less sickness among the better Mr. Harrison, 


classes people and more among the poorer classes. This, doubt, 
was caused largely the different water used for domestic purposes 
during that season, and points the great importance having 
good water all seasons for everyone. equally important 
provide efficient sanitation all times. good domestic water 
supply and proper sanitation are not provided, and epidemic 
should break out during the first year active operations the 
Isthmus, would not only result great loss life, but would 
exceedingly difficult and very expensive secure adequate force 
workmen complete the construction within the time contemplated. 

The author, the closing sentence his paper, very forcibly 
states the sanitary conditions under which expects the work 
done, and his estimates cost are evidently based such conditions. 

The Isthmian Canal Commission, making its estimate cost, 
contemplated perfect sanitary and police control. From page 261 
its report, the following quoted: 


considerable population has long existed the Panama route, 
and lies pathway comparatively large trade, along which 
currents moving people from infected places sometimes converge, 
thus creating conditions favorable 

These conditions may somewhat when great many 
laborers are employed building the canal. From page 262 this 
report the following quoted: 

order exercise the rights for the construction 
the canal and for its management after completion, the United States 
should acquire control territory from sea sea sufficient 
area for the convenient and efficient accomplishment those pur- 
poses. Measures must also taken protect the line from unlaw- 
ful acts all kinds, insure sanitary control, and render police 
jurisdiction effective. The strip should not less than miles wide 
each side the center line the Canal, miles total width.” 

The treaty made recently between the United States and the Re- 
public Colombia for the construction the Panama Canal, gives 
the United States sanitary and police control over zone territory 
about miles wide each side the center line the canal, 
total width about miles, which material reduction from the 
10-mile zone recommended the Commission. But this restriction 
not objectionable placing the control the towns Colon 
and Panama, which are within the 6-mile zone, under the joint con- 
trol the native and United States authorities. would better 
the control, during the time construction were vested solely 
the United States. Everyone coming the Isthmus will pass through 
one the other these ports, and their inhabitants would the 
first exposed any contagious infectious diseases brought 
the Isthmus from other countries. important that the towns 
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should put the very best possible sanitary condition and kept 
during the whole time the work being done. Enforcement 


the regulation for this purpose would easier under single than 
under dual control. 


Esq.—In about the year 1884 the speaker 
started the first dredge cut the channel the Bay Panama, and 
that time was the opinion nearly all the people the Isthmus 
that every bucketful dredged from that channel would washed back 
once. For that reason Commander Lull, when projecting his line 
across the Isthmus, threw the entrance the canal the east side 
the City Panama order avoid the mouth the Rio Grande, 
which the point where the entrance now located. 

The work had been studied diligently the speaker before 
went the Isthmus, and, arriving there, observed two facts 
which confirmed his opinion that the work would successful and 
that the depth such entrance could maintained. First, the 
entrance the canal Panama Bay perfectly quiet, the little Bay 
Panama being sheltered position within the larger bay, known 
the Gulf Panama, that the heavy seas from the great storms 
from the Pacific not The bay remarkably still. Sec- 
ond, the sedimentation and consequent filling the bed the 
channel the bay would caused the simultaneous action 
currents and waves; the waves put the sand and silt suspension 
the water and the currents transport it, and when excavation 
reached the suspended matter settles. Such current exists; flows 
continuously toward the west, but, owing the complete and regular 
flow water, there practically material suspension. 

Six months after the channel had been dredged was examined 
the speaker, who found that the depth the center had been fully 
maintained. Although the side slopes were modified, the depth 
the axis was fully maintained. This proof that the work the 
bay will absolutely successful. The channel already dug for 
part the distance, and ships enter and follow it. This question 
not open; closed. not question the future; settled. 

relation the question the lock canal and the sea-level 
canal, the speaker has more fear sediment the latter than 
has sediment the channel Panama Bay. 

The water the Chagres does not flow through ground. 
The word must not used. ground means 
ground filled with active and which produce rock which 
very soft and liable decay very easily under the influence the 
atmosphere. true that country where there are active vol- 
canoes, the waters the rivers carry enormous quantity sedi- 
ment. The Isthmus Panama was formed remote times, before 
the human race appeared upon the earth, about the end the tertiary 
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the beginning the quaternary period, and the time these Mr, Bunau- 
were active, they did not eject lava, but that stronger mate- 
rial called basalt. 

The rocks and clays Panama are extremely stable, and, rule, 
the waters the Chagres are pure and clean. course, during 
great floods there certain amount erosion, but, such times, 
the water received into the canal, there will be, also, increased 
current, which will take the silt washed and carry through 
the canal and out The speaker has fear upon that point. 
course, there will the work maintenance, but, for canal 
that importance, what take out 500000 cu. 
every year? absolutely nothing. the Suez Canal more than 
that quantity taken out, and the Suez Canal has not been failure, 
this time. 

There another very important point: The idea Lesseps, 
that sea-level canal, which has been successful Suez, the 
final solution for Panama. sea-level canal must made and will 
made Panama. There will time when the importance 
traffic will justify passage the highest class, that is, sea-level 
But justifiable wait ten years longer order give 
the world the benefits that great work? not proper take 
the intermediate solution, the lock canal? The lock canal should 
constructed now, for that assures earlier completion the long 
expected work. will give very satisfactory canal for number 
years. But the time will come when the character the traffic will 
transformed that will demand the transformation the lock 
canal into sea-level canal. This can accomplished without stop- 
page navigation, although will cost much more finish the 
canal while operation than make prior such operation. 

From all standpoints, the speaker would justify the lock canal 
now; will answer admirably the needs navigation for limited 
number years—perhaps twenty thirty—but thirty years will not 
pass before the absolute necessity sea-level canal will seen, 
and plans for its transformation will begun. Ten years’ earlier 
opening justifies the less satisfactory form, time transformed 
into its final shape, the American Bosphorus. 


Past-President, Am. Soc. (by letter).— mr, 

Replying Mr. Meigs’ first question, the Chagres not unlike many 
rivers the eastern and southern parts the United States. has 
about the same range between maximum and minimum discharges, 
and subject the same hydraulic laws. There only one respect 
which differs from them essentially. The rainfall the Chagres 
basin double what our rivers; the result that the same 

maximum flood obtained, from area less than 900 sq. miles 

drainage basin, which would come from four times this area the 


| 
| 
ite 


294 DISCUSSION THE PANAMA CANAL. Papers. 


Mr. Morison. United States. Twice much rain must disposed of; this means 


either larger flood smaller basin; the smaller basin the flood 
has less distance travel. With one-quarter the area drainage 
basin, have one-half the aggregate rainfall with one-half the dis- 
tance run off, which means the same maximum discharge but 
flood lasting but half long. 

The Chagres, under ordinary conditions, clear stream with 
fall from ft. the mile. the upper river there are 
signs silt other alluvial deposit, but between Alhajuela and Gam- 
boa there some small amount bottom land and silt deposit. The 
erosion this bottom land times flood apparently the chief 
source sediment the lower river. With the high-level canal plan 
this silt region will drowned and this erosion stopped. The amount 
sediment which will brought into Lake Bohio less than must 
expected any our Atlantic harbors. With the tide-level canal 
the danger will continue, but the amount such erosion can 
considered excessive. 

With reference the difference between the elevation the 
Chagres flood times Gamboa and the bottom the proposed 
tide-level canal, anything approaching vertical drop, were pos- 
sible, would destructive. Such drop, however, impossible. 
The bed the Chagres earth, not rock. were rock, this would 
the place build the upper dam. ever tide-level canal 
built, the broad channel which will carry off the drainage the 
Chagres must extended least mile the valley beyond the 
canal, and such barriers must constructed will retard the flood 
the river and thereby reduce its destructive force. plan has ever 
been worked detail meet this provision, the tide-level canal 
being removed from present consideration for the reasons given the 
paper. 

The estimates made the paper are adapted from the estimates 
prepared the Isthmian Canal Commission and used reaching its 
conclusions. The principal savings are the Bohio Dam, the re- 
duced amount excavation the Culebra Cut and the shallower 
portions Lake Bohio, the reduced excavation the Pacific level, 
and dispensing with the diversion channels the Chagres above 
Gatun, the Gatun Channel being retained. The cost the canal 
itself from Colon Lake Bohio slightly increased, the Commission’s 
estimate the two being follows: 


Commission’s Hill 
an. ine, 
Atlantic Maritime Level........... $19 006 199 $12 184 981 


$30 573 862 543 
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‘The increase 000 more than balanced saving Mr. Morison. 


700 000 the cost the diversion channels. removing the 
canal the more direct line, the present canal, which now actually 
the bed the Chagres, left available diversion channel, use 
which admirably adapted. 

There are four questions which the writer would like have dis- 
cussed this time: 

The first these the relative merit, under the circumstances, 
the tide-level and the high-level canal, the difference cost and time 
being now estimated. The great difference the time required for 
construction, which would fully ten years longer for the tide-level 
than for the high-level canal. The tide-level canal could not with- 
out locks. 20-ft. tide the Pacific side makes tide lock neces- 
sary. The gates this tide lock could stand open certain stages 
the tide, that would not absolutely limit the length ships 
passing through, but with tide-level canal, the same limiting sizes 
would exist for the greater part each day with high-level canal. 
The tide-level canal would canal for the whole width the 
Isthmus, although portion would pretty wide. The advan- 
tages the inland lake would lost. The inland lake makes two 
short canals with good anchorages and good repairing ground between 
—this small advantage. 

The next question whether important try reduce the 
size the locks below the great lift proposed the plans the 
Commission for the locks Bohio. using the third lock Tiger 
Hill, described the paper, the normal lift the locks reduced 
from ft. There not the slightest doubt that lock with 
42-ft. lift can made and used, but injury such lock case 
accident would much more serious than smaller lock less 
lift. Whether there any more danger injury occurring point 
which may considered. Even with three locks, the time passing 
through the eastern canal will little less than the time passing 
through the western canal. Which preferred, the two locks 
42-ft. lift the three 28-ft. lift? 

The third question the water supply for the summit level the 
canal, The Chagres River supply adequate for all but three months 
the year. This deficiency can obtained drawing water from 
the lake. can obtained another reservoir above Alhajuela. 
the writer’s judgment, best postpone the final decision; 
build the canal with provision for this additional water, but, for 
the first few years operated, allow the depth water the 
canal during the extreme dry season reduced, perhaps from 
ft., and, ultimately, provide reservoir above Alhajuela 
make good this deficiency. This would save something the first 
cost construction, and would ultimately give indefinite supply. 
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The fourth question whether expedient, harbor like 
Panama Bay, with extreme tide ft., construct channel 
giving maximum depth all stages tide, additional cost 
about 000 000. The reduction this channel one the items 
which has reduced this estimate below the Commission’s estimate. 
With channel ft. below mean tide, ship requiring ft. could 
the 24. How much worth while pay for this additional 
hours day for ships extreme draft? high tide, with the chan- 
nel described the paper, the depth would ft. With 
channel ft. deep below low water, would ft. are few 
harbors with large tides where anything like this has been done. 
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Parsons, Am. Soc. E.—Engineers are parsons 


accustomed put into structures materials which are expected 
remain unimpaired for great many years, but are obliged take 
great deal faith; therefore especially interesting examine 
any material whose age can thoroughly authenticated, and whose 
state soundness decay can ascertained accurately. 

Last autumn, while inspecting the subway construction the 
Metropolitan Railway Paris, the speaker was shown some timbers 
which had formed part the foundations old building erected 
the fourteenth century; and the chief engineer, Mr. Bienvenue, 
has very kindly sent some pieces the piles and the timber grillage, 
which now, his behalf, and his name, the speaker takes great 
pleasure presenting the Society. 


The discussion this subject, for which formal paper was presented, printed 
Proceedings order that the views expressed may brought before all members 
the Society for further discussion. (See Rules for Publication, Proceedings, Vol. XXV, 


71). Communications this subject received prior April 24th, will 
published subsequently. 
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Mr. Parsons. 


The following translation the letter accompanying these 
specimens: 


October 5th, 1902, while excavating the trenches under the 
Place République, for that part the Chemin Fer Metropoli- 
tain between Courcelles and Menilmontant, there was discovered 
great quantity oak piling supporting oak platform. 

The piles were from 1.50 2.00 length, and from 
diameter. The lower part each was sharpened square 


point, but bore traces iron banding crushing. The width 


the platform timbers varied from cm., and their thickness 


This wood, which was true pile foundation, has been identified 
composing part the foundations the old Porte 
having formed part the wall Paris during the reign Charles 
(1364-1380). The preservation the wood perfect, notwith- 


standing the fact that has been place since the fourteenth 
century. 


The lower part the piles was embedded green argillaceous 
sand, while the upper part was blackish, marshy soil, filled with 
sulphurous and ammoniacal gases. 

The lower part the platform was about elevation 29.00 the 
point where was uncovered, the elevation the surface the 
ground the Place République being about 37.00.* 


top the specimen the pile may seen fragments the 
cement lime probably used level out under the When the 
wood was received, few weeks ago, was intact, but, lying the 
speaker’s office, the heat has produced certain checks and cracks, The 
all—and resembles piece wood which has been the ground 
but short time. 

The two specimens the grillage top the piles are also 
checked, owing the office heat, but, both pieces—the larger 
piece especially—remnants the bark may seen, showing that even 
the bark still intact. 

interesting recall that these pieces wood were put 
the ground period before the discovery America equal 
length that period which has elapsed since the Declaration 
Independence. 

indicative the fact, however, that French soil not the 
only kind which will preserve wood, sections the first water pipes 
laid the City New York, Aaron Burr’s Company, about the 
year 1800, have been found recently Centre Street and the adjoin- 
ing streets, the contractors for the Rapid Transit Commissioners. 
These are not old the French wood, but, nevertheless, they are 
sufficiently venerable, they have now passed into their second cen- 
tury. Some the pipes are quite decayed where they have been buried 
dry sand, but where there has been moisture the sand, the wood 
still sound. 


The original letter Mr. Bienvenue, together with the samples wood, and plan 


the exact location the old foundation, are file the Library. 
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Assoc. Am. Soc. E.—Considerable in- Mr. Miller. 
terest has been aroused the demolition modern steel-skeleton 
building New York City. Many varying expressions what 
would revealed when the steelwork should exposed, especially 
state preservation, led the Superintendent Buildings 
for the Borough Manhattan have the building examined carefully 
during its demolition. Photographs and notes have been taken since 
the work demolition started about six weeks ago. The building 
has not yet been taken down completely, and full report the mat- 
ter not yet prepared. The photographs, unfortunately, 
the condition the material, being difficult and practically impos- 
sible distinguish the pictures between rust and discolorations 
due the adhesion particles the fire-proof coverings, yet they 
can serve conveniently the purpose illustrating some the facts 
noted. 

The building was situated the northside Forty-second Street, 
running from Broadway Seventh Avenue, and was known, variously, 
the Thorley Building and the Pabst Building. 

was erected about four years ago, having been started Octo- 
ber, 1898, and completed about year later. 

The steelwork was put during the months December, Jan- 
uary, February and March. The structure was about ft. deep, 
average length about ft., and was nine stories high, about 
108 ft. The foundations were rock. 

The construction consisted frame columns, with 
beams and girders carrying the floors and walls each story. The 
walls were brick, except those the second story, which were 
limestone, the first story having iron front. 

The steelwork when delivered the site had received one coat 
paint. was put fast delivered, and was followed 
very quickly the masonry. some portions the work the ma- 
sons were close behind the erectors that part the framework 
probably never received second coat paint. 

interesting note that the steelwork the fourth, fifth and 
sixth stories showed more rust than that the stories either above 
below them. 

The interior columns, for the most part, were enclosed hollow 
terra cotta blocks, but means always sohdly. the webs 
the Z-bars, right angles the web the columns, the contact 
between the steel and the fire-proof covering was generally com- 
plete. the other sides the columns, however, the terra cotta 
blocks were often placed spanning the space between the Z-bars, 
leaving void between the fire-proofing and the main web the 
column. The steelwork was equally good condition all sides 
the columns. These columns showed little patches rust here and 


q 
| 
§ 
y 
| 


Mr. Miller. there, but none that could not explained some cause work 


before the steel was put place. For instance, the rust may have 
set under the mill scale before the columns were painted set, not 
being visible from the outside, the mill scale non-corrosive 
oxide iron. There was case general extended rusting 
any steel member. The points where rust showed the columns 
most generally were the rivet heads and the connections. 

The connections were the parts most affected rust. The worst 
example corrosion the building, thus far, illustrated Fig 
Plate XXX. this case, practically the entire inside the splice 
plates, where they show black the photograph, was rusted, and the 
faces the connections that were contact were rusted. The speaker 
has doubt that, setting one column above another, considerable 
force was used, and the friction between the parts was sufficient 
rub off the shop coat paint. The heads the field rivets were the 
places where rust was oftenest found, yet case, except that 
illustrated, was the rust thickness that could measured 
ordinary means. this case the thickness was from 0.02 0.025 in. 

The wall columns were encased brickwork, ins. thick the 
outside and ins. thick the inside, the inside ins. being what 
known furring bricks. some these columns there were indica- 
tions rust layers, shown Fig. Plate XXX. The steel was 
free where the cement mortar came contact with it, but 
between such points appears though the porous brick permitted 
the entrance sufficient moisture start rust; but, again, 
measurable quantity. This accord with observations made 
number other instances where alterations building have ex- 
posed steel columns. 

The floor beams and girders throughout the interior the build- 
ing, except the top flanges, were encased the cinder concrete form- 
ing the floor arches the building. The concrete was made 
the ordinary for that form construction (that is, part 
cement, parts sand and parts cinders), and was fair sample 
cinder concrete generally used building construction New 
York City. Yet the steelwork thus protected was remarkably free 
from rust. Where there was any, was very small patches, more 
generally the rivet heads, and was probably there before the floor 
arches were placed. 

Practically the only place where any rust was shown was the 
webs the channels forming the frame for the stair-well and elevator 
shaft, and then was the shaft side, where was not covered with 
some protective material other than paint. 

The wall girders, encased brickwork the outside, showed 
signs rust along the edges the flanges toward the outside the 
building. This was more especially true those the northerly 
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wall, which, for most its height, was exposed the weather. Miller. 
The adjoining building the north was four stories. The flanges 

these wall girders came within about ins. the outside 

the wall the building. 

built-up girder, the westerly wall, the second-story floor 
level, shows two patches rust the web the girder. ex- 
planation has been found for these patches rust, which are excep- 
tional. The sides the girders were thoroughly encased. may 
remarked that the present indications are that the steelwork yet 
removed from this building, the basement and cellar stories, will 
show considerably more rust than any taken out the upper part 
the building. should noted that the steelwork was erected dur- 
ing very bad weather, and the location was particularly damp one. 
one two occasions the work had stopped account 
snow storms rain. 

The concrete the filling was segmental form, and was sup- 
ported temporary centering, consisting round bars spaced 
about apart, which stiffened the wire netting. This centering 
was rusted throughout the building—generally, however, only 
the side exposed—and the rust not more than would develop during 
the drying out floor construction. This floor was hidden 
and covered over flat ceiling, secured the lower flanges 
beams. The rusting evidently did not continue after the floors had 
dried out and the ceiling had been put place. 

The boiler stack the building was and }-in. sheet-steel, 
and was covered with asbestos. 

The stack was completely covered with rust, the asbestos covering 
evidently offering protection, although the galvanized wire woven 
into the asbestos covering was bright the day was put in. 

The expanded metal used the partitions was very badly rusted 
throughout the building. This may have been rusted when put in, 
for such material generally sent job bundles, and lies about, 
exposed the weather, for some time before being put place; but 
the material the partitions, which was patent plaster, evidently 
did arrest the corrosion, but probably increased it. 

One 6-in. floor beam, shown Fig. Plate was rusted badly 
for area of, perhaps, sq. ft.; but all the indications are that this 
beam, over this particular spot, was never painted. Evidently, the 
beam was marked this place the mills before being painted, and, 
when painted, this spot was not touched, order not obliterate the 
marks. 

All steelwork erected New York City supposed receive 

_coat paint after being set, but this isnot always done, rea- 
sons—sometimes save the expense, which the speaker sure wag not 
the case this instance; often because the untrustworthiness 
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Mr. Miller. 


the workmen, who shirk those parts which are difficult access; 
again, when the masons are following close behind the steel erectors, 


they will not wait for the painting. The tops beams and girders 


Mr. Hill. 


not often get the second coat paint because the erectors climbing 
over the steelwork are more likely slip the freshly painted sur- 
faces. Fresh paint the connections likely spurt out during 
riveting, and therefore connections are often neglected. 

show how the beams come the site unpainted sometimes, 
photograph some steelwork delivered for new building New 
York City shown Fig. Plate 

Where the shop marks are placed the beams, they have not been 
painted over and, this instance, the beams have already rusted 
such places. The same beams also show indications rust along 
the connections, indicated the chalk marks—not much, 
sure—but whether not this incipient corrosion will continue 
open question. very doubtful that the rust will scraped off 
before the next coat paint put on, and not, doubtful 
whether the paint will much use. difficult, too, follow the 
painting during erection. meet this difficulty, some architects 
specify that the steel shall painted with red lead before delivery, 
and with carbon paint during construction. They can then tell the 
color whether not the second coat iscomplete. All unpainted steel 
that came out this building, whether enclosed not, was rusted. 

The speaker has been describing the places where rust was found, 
but should stated that the quantity rust this building was 
small. Most the cases were found the fourth and fifth stories, 
where the rust spots were most frequent. The steel frame, generally, 
was remarkably clean and free from rust. The conclusions which 
these studies lead simply corroborate those which engineers have 
already felt fully convinced—that paint, applied properly, protec- 
tion steel, least certain time; that cement mortar very 
efficient protection for steel, and that ordinary cinder concrete also 
serves this purpose quite satisfactorily. 

Am. Soc. E.—The speaker has thought this 
subject under certain headings: 

First.—The preservation materials construction against atmos- 
deterioration, branch which can dismissed, because, 
general, the use such materials will safe against the action 
frost the elements always attempted. 

Second.—The preservation from injury due soot dirt from the 
atmosphere, branch the subject with which the speaker has had 
very experience. Many handsome buildings are spoiled reason 
the soot, and attempts have been made, the use glaze terra 
cotta, and various forms materials supposed impervious, 


paraffine compounds applied the exposed surfaces, prevent. 


this, and claimed that this has been done successfully. 
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Third.—Protection from dampness striking through. that par- Mr. 


ticular line, the speaker has had some experience with certain walls 
made patent plaster, Portland cement and sand, ins. thick- 
ness, and used external walls manufacturing buildings, coated 
with some the compounds which are the market, and has found 
that they were efficient. has also had experience with brick walls, 
coated the inside with similar compounds, and has found that the 
dampness was excluded. general, may said that there are 
certainly half dozen different compounds, which can obtained 
reasonable cost, which will protect buildings from deterioration 
through the striking the transmission dampness. 

Fourth.—When comes the preservation metallic structures, 
the speaker thinks that this discussion should the nature 
experience meeting, and, general, the failures rather than the suc- 
cesses should described. instance, during the last five years 
the speaker has erected quite number buildings with external 
curtain walls, composed hard plaster, Portland cement and sand 
equal parts, the scratch coat being applied uncoated metallic lath, 
making the thickness the scratch coat about in., then surfacing 
coat Portland cement, in. thick, was applied each side, making 
the curtain walls total thickness These buildings 
have been put various times, the latest one being about four 
years old. All are first-class condition present, with the excep- 
tion one. 

This building one four, and was erected the winter. The 
scratch coat was alternately frozen and thawed several times. 
after the building was finished was found that the outer surfacing 
cement was cracking and falling off. Sheets having area 
sq. ft. came off, leaving the scratch coat bare. This was left alone, 
and the deterioration destruction this wall has been going 
for about two years. The entire wall now rather bad shape, and 
proposed put good order. case there was separa- 
tion between the finishing coat and the scratch coat, and, general, 
the wire lath, where was the surface the scratch coat, where 
the scratch coat came very close the surface the lath, was very 
badly rusted; but, places, this was little more than discoloration. 
other places, the wire lath, while rusted, was probably exactly 
the same condition when the plaster was first applied it; because 
sometimes several days elapsed after the bare lath was erected before 


could covered, and there doubt that during that time 
rusted. 


The adjoining building, erected the following spring, 
absolutely perfect order to-day, and all the other buildings are 
equally good condition, that this failure was due the alternate 
thawing and freezing the scratch coat, which prevented the forma- 
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Mr. Hill. 
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tion proper bond between and the surfacing coat. may 
that the surfacing coat, which was undue thickness, reaching 
places much in., was too thick, and that that was responsible 
for small part the trouble. 

Fifth.—In the protection from oxidation such metallic structure 
Mr. Miller has described, the speaker has observed few cases 
where the paint the steel has been protected with metal lath and 
Portland cement, and every case has found that afforded suf- 
ficient protection. 

the matter painting, although personally interested one 
paint concern and very well satisfied individual with its product 
for forming preservative coating, the speaker’s belief that there 
are several paints preservative coatings for metallic structures, 
had the present time, which will give satisfactory surfaces when 
applied properly; fact, the intelligent application the covering, 


accordance with the manufacturer’s directions, has almost much 


with service the composition the paint. 

protection against fire the speaker had one experience 
which instructive. The building was the ordinary steel-skeleton 
type, and fire occurred the fifth floor, the heat being sufficiently 
intense soften the steel steam-pipe risers, that the deflection 
some cases was much also melted the brass air-valves 
the radiators. The flames passing out the windows melted the 
solder the copper cornice, five stories above. The Fire Department 
was able erect water-tower and direct the stream from horizon- 
tally into the building, and the fire was put out drowning; that is, 
the entire floor was filled until the water flowed out over the window 
sills. This stream struck several the columns, all which were 
wrapped with wire lath and plastered with Portland cement and sand, 
with thickness about in., which the white coating was applied. 
This covering resisted the effects the heat and the hose stream 
every case except one, where portion the covering, about ins. 
long and ins. wide, was torn off; but, evidently, that did not occur 
until the fire was practically out, because the paint the column— 
the building had been erected about year and half—was intact and 
not blistered the heat. 

Some years ago the speaker made aseries periments for the rep- 
resentatives the System Mélan, using stone concrete with Portland 
cement surrounding T-bars steel bent into the segment arch. 
found that every case, although the steel had been 
exposed the weather for from days unprotected, wherever 
the concrete had been contact with the steel, rust showed all. 
The steel was not painted, and showed bright; but wherever there 
were voids the concrete, due the use rather dry concrete with 
stone aggregate, rust had set in. 
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the tests made, for the expanded metal companies, Long Island Mr. Hill. 


City, the slabs were generally made very wet cinder concrete, and, 
during December and January, for from days, were exposed 
conditions. which was embedded the cinder 
concrete, the gravel concrete, the case might be, was absolutely 
unchanged after the destruction the slabs. chunk cinder con- 
crete, which expanded metal was embedded, and which, when 
came the speaker, was reputed have been exposed atmospheric 
conditions for five years, was kept for about year his window sill, 
where was exposed atmospheric conditions until the expanded 
metal which projected was rusted about half off. was then split, and 
was found that the expanded metal embedded the concrete was 
clean and bright. 

Nearly two years ago the speaker lined very bad shaft, for the 
Lackawanna Railroad Company, Scranton, Pa., with cinder con- 
crete and expanded metal. The shaft was through quicksand, about 
ft. rock, and was notorious for its bad character. The wood 
lining put previously had been place about six years, and was 
generally was necessary replace either with 
wood masonry. Expanded metal was- used, with Atlas Portland 
cement and furnace cinders taken from the ash pile the power-house 
operating the breaker connection with the mine. The cinders were 
taken from this pile without any selection, and without screening. 
few days ago examination the lining was made, and was found 
good condition when putin. The condition the ex- 
panded metal could not ascertained very well, but there had 
been any deterioration, the Portland cement and the cinder concrete 
had not been absolute protection the iron, the character the 
water surrounding that shaft and constantly flowing through was 
such that would have eaten every portion the iron within 
year. believed that under such conditions the cinder concrete 
acts absolute protection the steel. 

seems the speaker that great interest, and 
great benefit the Society, the Special Committee Uniform Tests 
Cement should have its scope extended, that investigation 
could made the effect neat Portland cement, Portland cement 
used with various aggregates and Portland cement adulterated with 
various lime patent materials, respect the preservation steel. 
The Society can certainly very useful work along this line, and 
such tests were extended cover the use cement the way which 
actually used, that some analogy could drawn between the 
test made and the use which the cement put, its utility would 
increased still further. 

Among the practical builders New York City, there are good 
many curious notions. Some them have told the speaker, with great 
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Mr. Hill. seriousness, that was very dangerous embed steel 


neat Portland cement; that the cement burned the steel, and that this 
effect was entirely overcome little lime were added. Others have 


that was not possible grout cast-iron base with pure Port- 


land cement, because invariably swelled, and on, through the 
whole list. who has done any work has undoubtedly heard 
the various peculiar notions the men, those who have 
certain amount hand knowledge, and who not use their heads 
connection with it. 

far the speaker’s observation goes, steel which has been prop- 
erly embedded concrete remains absolutely unimpaired and perfect 
its condition. The effect painting oiling the steel before the 
application concrete does not seem injurious, view the 
fact that the steel cannot always covered immediately. pro- 
tection relatively large sections—with the exception, perhaps, the 
steel which goes into the grillages, where most perfect covering 
desirable—it well give the steel one two coats paint; 
but, for the grillages, especial care should taken cover them 
thoroughly, and, such cases, intimate contact possible should 
secured between the concrete and steel. 

the application steel for the re-enforcement concrete, the 
fundamental principles are that the steel should used small sec- 
tions and such form that will retain its position the mass 
concrete reason the form rather than reason the 
adhesion between the concrete and the steel; that preservative 
coating would have only small influence the strength the com- 
bination; but, the preservative coating expensive, and makes the 
steel unpleasant handle, and the steel can always embedded 
the concrete promptly and thus preserved’ from initial rusting, the 
speaker thinks well that the smaller sections should not coated. 

the mixing concrete, the usual practice, or, least, the 
practice that the speaker was taught, wrong. very much easier 
make concrete too dry than too wet. The concrete the Pabst Build- 
ing, described Mr. Miller, was mixed wet really muck, 
and was deposited practically without tamping. 

the last few years the speaker has used great many thousands 
barrels Portland cement concrete, almost all which has been 
deposited without tamping, and all wet that the natural slope 
was about 30° from the horizontal. His theory the matter that. 
the very fine portions the cement are washed down that way, 
and coat the steel perfectly and fully, and that the excess water 


renders any extensive tamping unnecessary and thereby effects 


material economy the cost making and depositing the concrete. 
The speaker’s observation great deal concrete deposited, usually 


thin sections—sections from ins. thickness—is that. 
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this excess moisture does not result porous concrete, nor does Mr. Hill. 


any noticeable shrinkage result; but that, the contrary, saves 
time. 

One serious danger concrete deposited during warm weather 
that insufficient quantity water, and consequent drying 
the concrete. The following experience illustration this 
danger. Some twelve years ago, when the speaker was designing 
engineer for firm architects, was decided that certain wind- 
mill tower, with heavy stone base, should contain steel tank ft. 
high and ft. diameter, the stone base being about ft. dia- 
meter. This stone base was enclose small engine-room, that 
the tower had supported directly over the engine-room. steel 
angle-iron skewback was put and Guastavino arch formed. Then, 
make leveling for the tower, contract was made with certain 
party fill the haunches, minimum thickness ft. over the 
crown, with Portland. cement and broken-stone concrete. The men 
were careful what they called good job. The concrete was 
mixed very dry —not quite moist brown sugar. was thoroughly 
well tamped, and then exposed the sun and wind, and dried out very 
quickly. The tower was put before the speaker had oppor- 
tunity inspect it. That concrete was just about good somuch 
dried mud, and all had scraped out with shovels, with the 
occasional assistance pick and crowbar. 


Parsons, Am. Soc. E.—The preservative Mr. 


effect cement mortar steel has been noticed the speaker 
the case some steel beams taken out the sidewalk vault build- 
ing Fourth Avenue, New York City. These beams were put 
place 1880 1881, that they are now about twenty-two years old. 
They carried brick arches for most their length, but the outer 
curb ends were embedded rubble masonry. 

Above the jack arches space ins. was filled with ashes, 
top which the sidewalk was laid. 

The beams are very good condition, except the ends near the 
curb, and where the rubble masonry had been cracked the impact 
wheels against the curb, thus permitting water percolate and 
attack the steel. 

comparing the part which had been embedded the masonry 
with that part which had carried the arches, was noted that the 
latter, although had never been painted, was practically free from 
rust. 

The speaker would like ask the members give their opinions 
whether steel should painted before being embedded masonry, 
whether better let the cement come into direct contact with 


the fresh metal. This isan important question, because great deal 
steel now being embedded concrete. 
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Oscar Assoc. Am. Soc. E.—In reference the 
protection metallic surfaces, especially those exposed moisture, 
the subject that has troubled most engineers has been the question 
what known the progressive oxidation those surfaces; for the 
life structure really dependent upon whether oxidation which 
started any period the life that metal will continue. 

Now, connection with structural steel, has been.the speaker’s 
custom try get all the rust off the metal before painting it. 
has made examinations metal painted with various kinds paints, 
and found that oxidation frequently continued and caused increase 
rust, very slightly perceptible for while, but after several years 
becoming scaly and throwing off the paint. The proper protection 
that metal paint, thinks, necessary, especially when 
embedded masonry, any case where that metal will ex- 
posed moisture, because iron steel will only rust when oxygen, 
together with moisture and carbonic acid, present. 

would advisable alltimes make sure have protective 
coating paint some kind addition the pure cement. 
undoubtedly true that Portland cement good protective coating 
for steel, but also true that impossible protect steel with 
wash Portland cement, for the reason that will not adhere the 
steel. 

One question that has been touched slightly Mr. Hill 
ing the attention many architects present, and, that the protec- 
tion walls order prevent the attacks the elements, princi- 
pally the penetration moisture. fire-proof buildings, effort 
made away with furring, because found that most cases 
furring course not sufficient prevent moisture from coming 
through the wall and destroying the plaster. 

There are the market the present time score what are 
known damp-resisting compounds, and which are supposed serve 
moisture repellants. Most these are value whatever for this 
purpose. 

These damp-resisting compounds may divided into two classes: 
Those which are put the inner surface exposed wall, the plaster 

being applied directly the paint; and those which are applied the 
exterior surface ofa wall, over which put coat good paint, for 
finishing surface. the first variety, the only correct kind hydro- 
carbon compound, which should free from tar, pitch and oil, and 
should also proof against alkali. should sticky non-dry- 
ing compound, which cement mortar plaster will adhere per- 
manently, and which water moisture cannot penetrate. 

The second variety, for exterior use, chemical compound, 
the nature quick-setting, very finely divided, hydraulic cement, 
applied paint, which, when partially set, cannot wash off arain 


| 
| 
ii 


Papers.] DISCUSSION PRESERVATION MATERIALS. 309 


storm, and which will take linseed-oil paint without peeling. Mr. Lowinson, 
ordinary cement wash will absorb moisture, and disintegrate; not only 
this, but also common experience that linseed-oil paint will not 
adhere cement surface. The reason that, the hydration 
cement, Ca, set free, and, with linseed oil, forms lime soap, which 
will wash off. 

The theory the setting cement, largely accepted, that 
excess moisture does not ordinarily injure it, but the cement its 
setting has the inherent ability rejecting all the unnecessary water 
order permit set properly and attain its hardness. 

thick layer cement mortar the outside brick 
wall forms excellent water resistant has time set before 
moisture frost attack it. There are two three materials the 
market present, which the speaker believes are made Portland 
cement, with mixtures either caustic lime oil, for the purpose 
preventing moisture from getting into walls. 

building work very serious problem protect plaster 
properly from attacks moisture, and great deal time must de- 
voted the study the subject before enough known about the 


resisting ability these materials, determine whether not they 
are being used properly. 


Henry Am. Soc. E.—In speaking the desira- Mr. Seaman. 
bility painting iron before embedding concrete, should not 
lose sight the fact that the present tendency toward the use 
steel-concrete construction; and, that case, the steel should not 
painted. The theory the strength this form construction de- 
pends upon the adhesion the concrete the steel, and coat 
paint will prevent this adhesion. this case the twisting rough- 
ness the rods all that prevents them from slipping. The lack 
adhesion concrete painted iron was illustrated recently where 
portion the side-wall the New York Subway was moved bodily off 
its foundation, make room for extra track. The side-wall was 
composed [-beams, with concrete arches between, and, when was 
moved from the foundation support, portions the concrete arches 
slid down the though they had been lubricated. 

The requirement that steel should bright and clean before being 
painted may carried unreasonable extremes. paint keeps the 
oxygen from the iron, will prevent further corrosion, even though 
slightly rusted paint applied. necessary, however, 
clean the iron all scale, whether rust other material, which 
might cause the paint flake off. first coat paint would prob- 
ably adhere better iron with dull surface, than the iron were 
bright. 

number years ago was generally considered that the 
column would rust inside; and evidence this condition the rusty 
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drain holes the under side horizontal chords truss bridges 
were cited. 1891, examination one the columns the 
Kinzua Viaduct was made, order ascertain the condition its 
inside surface. The viaduct had been service about nine years. 
One the highest bents was selected, and piece iron, about ins. 
diameter, was cut from the underside inclined column, 
distance about ft. from the base. the cutting was completed, 
the hard oxide-of-iron paint inside the column was broken along the 
edge the cut and showed clean bright surface the iron. This 
demonstration needed further argument, and indicated that iron 
would last indefinitely kept from moisture. This fact would 
ings constructed recent years. 

interesting note the difference opinion among various 
engineers the quantity water desirable mixing concrete. 
Some specifications require water such quantity that the concrete 
will not flush after being rammed,” which may aid quick-setting, but 
can fulfilled mixture almost dry. the other hand, there 
the requirement that shall floated, mentioned Mr. Hill, 
though some engineers consider that this would the cement. 
medium between these two extremes is, perhaps, preferable, or, 
General Gillmore used say: ‘‘So much water shall used will 


just flush the surface the concrete after thorough ramming.” 


important, course, that the concrete should thoroughly 
rammed solid against the steel surfaces. 


Just, Am. Soc. E.—In far the question 
under discussion relates the deterioration structural steel when 
embedded masonry, Mr. Miller’s careful presentation the condi- 
tions revealed the demolition the so-called Pabst Building 
very interesting. 

error one point, however. The structural frame did 
receive two coats black (carbon) paint, one the shops and sec- 
ond coat during erection. This last coat was probably not applied 
with any greater care than usual, under the rapid rate construc- 
tion which has now become characteristic for this class buildings 
New York City and elsewhere. 

The limited life skeleton buildings, the early disintegration 
the frames, because their inaccessibility the finished structure, 
which has been predicted universally laymen, based 
knowledge experience. Failure this type rather looked 
for from faulty design frame footings. gratifying, 
fore, that the opportunity thus presented inspect frame once 
embedded masonry shows remarkably well preserved, con- 
sidered whole. the other hand, our deductions should 
made guardedly, because what after all short lapse time. 
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Just four years elapsed the erection and the demolition the Mr. Just. 


structure. was erected and painted January, 1899. 

The use particular kinds paint, and the measure protection 
which they afford, has been given undue prominence the last few 
years. The question not important the agent the paint 
manufacturer would have believe. has occupied entirely too 
much our time, and to-day the noire the structural engineer. 
For instance, the paint now used the New York Elevated Railway 
structures, and which answers its purpose, practically the same 
that which has been used the engineers the road for the last ten 
years more.* 

true that the circular chimney stack, which was painted with 
another kind paint, the red oxide iron ordinarily used local 
boiler shops, seemed badly rusted the outside, strong contrast 
the well-preserved columns located close the stack; but, 
matter fact, this stack, exposure, was found not corroded, 
but was well covered with pigment. appears, however, that the 
heat the stack had destroyed the oil. The pigment could readily 
removed the hand, and rapid corrosion set soon after 
would seem, therefore, that any conclusion the lack pro- 
tection afforded the asbestos jacket untenable. This emphasizes 
the important office oil paint, rather, the less important part 
which the pigment takes. 

The case under discussion also adds little nothing our knowl- 
edge how much protection was afforded the paint used, 
beyond the contained oil, for may cited that the oil the threads 
the tie-rods and bolts was practically intact, and, where not broken 
the nut, had formed perfect protection against rust. 

further interesting development was the fact that the faces 
the beam girders, stretching between the columns the principal 
facade some the story levels, still retained almost perfect coat 
paint. Nor were they marked any cement mortar, but presented 
clean, black faces. would appear, then, that these points the front 
stone was not backed” brickwork, but was set away from the 
webs, and hence may concluded that, for limited periods, the 
steel, only encased, fully protected when embedded 
brickwork. 

While may granted that exposed iron and steel, when kept 
well painted, protected against the deteriorating influence rust, 
yet equally true that sufficient number instances have not 
been collated this time permit say the same the painted 
steel frames embedded the brick and stone walls modern city 
structures, whose only excuse for existence the use walls mini- 
mum thickness which they permit. 


Transactions, Am. Soc. E., Vol. 535. 
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Instances, throwing additional light on-this phase the question, 
Building, measured time, found the case the Seventy- 
first Regiment Armory New York City. Built for more than twelve 
years, and destroyed fire one year ago, eight riveted (Z-bar) col- 
umns, Plate XXXII, which supported the main roof, now extend 
exposed from the northerly and southerly walls which they were 


embedded. These walls, now removed for the upper half the length 


the columns, permit inspection. The columns, inaccessible for 
more than ten years, were probably subjected considerable heat 
during the fire, and have now been exposed the weather for more 
than year. Notwithstanding all this, they show appreciable 
deterioration rust, which, while general over the surface, only 
superficial. Paint, apparently the red oxide iron used almost ex- 
clusively that period, shows, patches, where the brick filling has 
fallen away. remains especially good between the flanges the 
top for short distances below the cap, where the brick filling seems 
have been omitted. For the rest their length these columns were 
well enclosed all sides the brick laid close contact with the 
metal. Much this brick filling still place the exposed part 
the columns, and, where longer exists, the original courses 
the brickwork are still marked against the columns stripes 
mortar. 

interesting case column corrosion was recently noted the 
uprights supporting the roof garden the New York Theatre,” 
Forty-fifth Street and Broadway, New York City (Plate 

The load the all-glass brought the top these uprights 
four intersecting trusses having curved lower chords. For decora- 
tive purposes, part each column, commencing some distance 
below the intersection the curved chords with the column, and 
extending down the floor line, was enclosed two thicknesses 
scenery canvas, which had been painted both sides, and which was 
stretched over galvanized-wire cloth, which turn was carried fur- 
ring strips consisting small pieces unpainted wood. This arrange- 
ment kept the envelope entirely clear the column. Proposed 
alterations cansed the removal these jackets, when was found that 
every column was entirely incrusted with rust scale, from the base 
plate the column, under the floor, the point which the 
jacket had extended. The unpainted wood furring and the galvanized 
wire were excellent condition. Beyond this point, the columns, 


also the intersecting overhead trusses, had received second coat 


paint. This coat was lead with light green pigment, which would 
indicate clearly even traces rust. All this upper work, however, 
was rustless, and the paint good condition. The lower and much 
rusted part the column, was plain, had never received any other 
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paint than the coat, and, judging from what little remained, Mr. 


was the usual red-oxide variety. 

was evident that the canvas jacket, for its entire length, pre- 
vented the rapid evaporation the water condensation from the 
roof, the flow which the curved chords readily directed and 
down each column. These columns have been place about seven 
years. 

contradistinction this case, interesting note the condi- 
tion the interior surface structural members, built shapes, 
manner form closed sections. Twenty years ago, when the 
type bridge popularly known the was first meeting 

serious criticism, because its cast chord and post connections, and 
inaccessibility the interior these members for painting, wreck 
the Bell’s Gap Bridge the Delaware, Lackawanna and Western 
Railroad permitted careful inspection. was then found that the 
original coat paint the interior the posts and chords was gen- 
erally very good condition, notwithstanding their exposure since 
the wreck. This bridge when wrecked had been place about eleven 
years. 

Disks cut from similar columns, supporting blast furnace, showed 
the original coat paint the interior surface almost perfect. 
These columns had been place about fourteen years. 

the condition iron when buried certain kinds earth 
for long periods, Mr. Colin Simpson, the Consolidated Gas Com- 
pany New York, says: 

the two bar-shots’ possession, the larger weighs about 
and consists square wrought bar ins. long, with cast- 
iron hemispherical heads. was found inthe Kingsbridge Road near 
Dyckman Street 1893. The heads are almost condition when 
cast, while the wrought connecting bar only pitted superficially. 
The smaller bar-shot’ entirely hand-forged, and weighs was. 
found about the same locality 1895. This shot good con- 
dition throughout, and the hammer marks are still plainly dis- 
Cannon balls several sizes are well preserved that some 


them still retain the marks the flask which they were cast. 
The soil which these shots were found clean, dry and loamy.” 


adds: 


missiles were fired, the time the American Revo- 
lution, from the British frigate Pearl, anchored the Hudson River, 
off near Dyckman Street, during the attack Fort Washing- 
ton, November, 1776. They have lost practically weight since 


their use 120 years ago.” 

The effect lime and cement mortars, concrete, embedded 
iron steel, while well recognized, has received considerable attention 
this discussion. this connection may stated that the 
framers the Building Code,” which present regulates the con- 
struction buildings New York City, recognized the protection 
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which such materials afford iron and steel, when embedded them. 
Section this code reads: 


shall thoroughly protected from rust paint, asphaltum, con- 
crete, such materials and such manner may approved 


the Commissioner Buildings.” 

What appears more serious question than the corrosion 
these metals, however, confronts those engineers who have been engaged 
the construction our tremendously large and expensive build- 
ings. This the recession the water level, which certainly taking 
place, least, the lower part Manhattan Island. Thisrecession, 
probably due part, the large increase the number ‘‘sky- 
scrapers,” vaults and subways, must have exposed decay many pile 
foundations where this method founding was used. 

proof this assertion may stated that, for building 
recently proposed that section New York City, pile foundation 
originally designed had abandoned when, upon excavating 
the lot, was found that the capping timbers and heads the piles 
the foundation large and prominent building adjoining the 


west were longer protected water (see Fig. 1). The indications 
showed that recession the water level least ft. had taken 
place, the last ten twelve years, the rate 2ins. per annum. 
Lest assumed that the piles under this building were originally 
not cut off at, below, the water-line, should stated, the 
authority the engineer connected with the design and erection 
the building immediately adjoining the proposed building the east, 
that the concrete footings that building were laid water. This 
concrete base, course, was also shown high and dry when the 


lot between the easterly and westerly buildings had been excavated 
sufficient depth. 


Assoc. Am. Soc. E.—From the data submitted 
those who have discussed the method preserving steel, 
though hard and fast rule could made whether not 
structural embedded concrete should painted first; 
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depends largely the which the metal subjected, Mr. Gideon. 


and the functions perform. Each individual case should re- 
ceive the careful attention the engineer, and, not unlike many other 
engineering problems, question judgment, guided theory 
and experience. 

cases where the adhesion the concrete the steel great 
importance, and where there danger the concrete eracking 
and breaking off peeling away from the metal, the previous paint- 
ing the steel would seem unnecessary, the concrete would 
ample protection against rust, and greater adhesion the con- 
crete the metal could thus secured. 

the other hand, where the concrete likely crack and break 
off, thus admitting air and moisture, would certainly the 


utmost importance paint carefully possible, and thus pre- 
vent from rusting. 


the steel frames modern high buildings from corrosion matter 
vital importance, not only the engineer and architect, but the 
general public well. That the subject not given the attention 
deserves only too apparent the most casual observer. 

The writer knows three skeleton buildings, now process 
construction, which the columns and beams were neither oiled nor 
painted from the time they left the rolls the mill until they were 
riveted place. 

this stage they were given two coats paint. Although the 
steel was badly rusted, attempt was made remove the rust before 
painting. The presumption that the painting was designed pre- 
vent further corrosion; but the writer’s experience that paint 
applied coating rust soon cracks and crumbles when exposed 
the influences which promote oxidation. For this reason 
generally conceded, engineers and architects who are familiar with 
steel construction, that paint, effective, should applied 
the clean metal, preferably the shop, before corrosion begins, or, 
later, not until every vestige rust first removed. 

The fact that steel skeletons cannot inspected after the buildings 
are completed and occupied should induce those who are directly 
responsible for their design and construction take every reasonable 
precaution preserve the metal from any possibility corrosion. 
the light present knowledge, grave question whether, 
under any circumstances, architect justified assuming that the 
conditions the interior building are such render corrosion 
impossible even improbable. Examples are not wanting prove 


that wrought-iron columns and beams encased brick masonry some- 
times corrode badly when not otherwise protected. most steel- 
skeleton buildings the outside columns and beamsare protected from the 
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weather only bya mere shell stone brick. Walls this character 
cannot prevent moisture from penetrating the steel frame and caus- 
ing oxidation. The engineer architect who has faith protection 
this sort paving the way for trouble. The failure single 
column beam some future period may result serious conse- 
quences, involving the loss both life and property. With such 
possibilities confronting him, the engineer architect justified 
neglecting adopt such precautionary measures, render his work 
both safe and durable, the present knowledge the subject war- 
rants? 

Without undertaking discuss the relative merits the various 
steel preservatives now use, the writer desires call attention 
the preservative qualities Portland cement. Not many 
Mr. Geo. Dickie, Manager the Union Iron Works San Fran- 
cisco, stated the writer that for many years, and with very satis- 
factory results, had used Portland cement protect iron and steel 
from corrosion. stated that while recently repairing the iron hull 
ship had occasion remove portion the cement floor which 
had been laid some forty years before. Theiron beneath the cement 
lining was found absolutely free from rust. For years has 
been Mr. Dickie’s practice line the iron and steel water tanks 
ships with Portland cement, applied wash, means brush. 
quite pronounced his belief that protective coating this 
character far more effective preventive oxidation than most 
the paints used for the purpose. 

The fact that Mr. Dickie’s experience ship builder has brought 
him contact with the most active type corrosion (that caused 
salt water) adds the value his observations, and certainly 
strong plea for the use Portland cement steel preservative. 


Epwarp Am. Soc. E.—Speaking solely wood 
pavements: The first wooden pavement record this country was 
laid 1835, Broadway, New York City; another piece, about 100 
ft. long, was laid William Street, New York City, during the next 
year. There record available the time that this lasted, and 
possibly (if plank roads are excepted) there was wooden pavement 
laid this country from that time until about 1852 1853, when 
wooden pavement, known the Nicholson pavement, was laid 
bridge Boston. For this pavement, prepared bed coarse sand 
was made, which were laid 1-in. boards, swabbed with hot coal-tar 
both sides, and these boards blocks pine, ins. wide and 
ins. high, were placed, after being dipped hot coal-tar. strip 
wood, in. was placed between each row blocks, and the 
interstices thus formed were filled with clean gravel and full 
hot coal-tar. 


Afterward the same pavement was laid Chicago, 1857 1858. 
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From Chicago the use this pavement spread over the West, and was Mr. 


brought New York City the time Tweed. 

Nearly all this pavement, with variants from it, rotted very fast. 
was untreated wood, and, further, was dipped hot coal-tar, 
generally, but was learned that with sufficient traffic such wooden 
pavement would before wore out; that say, would last 
six eight years without showing any sign dozing, if, during that 
time, had sufficient traffic over wear down from the original 
thickness about ins., when commenced breaking up. But 
pavement which was laid places where the traffic was light very 
often commenced dozing the course two years, that was 
shell the end five six years. 

These pavements, laid New York City, were unsatisfactory, 
except one small piece Fifth Avenue the last the seventies, that 
wood pavement was laid until the end 1895. 

England, the first pavement record was laid London 
1837. was beech. London there was more less continuous 
use wood pavements, generally hard wood, until about 1875, 
when patents were taken out various persons, nearly all specifying 
that the wood should treated with dead oil. some the wood was 
saturated very thoroughly, and others was merely dipped dead 
oil. prejudice has grown England against treating pine 
Baltic fir, which may due insufficient treatment, that not 
saturating the wood fully. 

Along the last the eighties, two specimens wood 
grown the southwest coast Australia were brought London 
for paving; one, the Karri wood, Eucalyptus diversicolor, and the 
other the Jarrah wood, marginata. They are hard, 
reddish woods, with peculiar odor, and said that iron 
driven into them will Pavements these woods were laid 
London with very great success, the claim being made that the 
Karri wood will last longer than the The Karri wood was 
brought over this country and laid New York City the winter 
1895, Twentieth Street, the block between Fifth Avenue and 
Broadway, the pavement being accepted January, 1896. was 
laid concrete foundation. The bottoms the blocks, which were 
ins. high, were dipped about ins. preparation pitch, 
the composition which was kept secret, the pitch being hot 
and that the coating was only about in. thick. The blocks 
were driven together tightly they could be, conveniently, and the 
top was covered with very thin grout fine sand and Portland cement. 
The west end that pavement, toward Fifth Avenue, has been en- 
tirely wrecked the construction two large buildings with deep 
foundations. The eastern end, toward Broadway, has been left intact, 
and large area has not been disturbed. That has now lasted 
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few days more than seven years, far can learned, entirely 
without repair, and very good condition to-day, with the prob- 
ability that the end four more years will better condition 
than any granite pavement that has been laid New York City. This 
not case preserving wood, but wood which preserves itself. 

regard waterproofing brickwork, the attention the mem- 
bers called paper the late William Dearborn, Am. Soc. 
E., read before this Society May 4th, 1870, entitled Experiments 
for Making Brick Masonry Impervious Water, Tried the Walls 
the Back Buys the Gate-Houses the New Croton Reservoir 
New York, and the Brick Arch High Bridge 


*Transactions, Am. Soc. E., Vol. 203. 
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McGaw large city, all sorts wastes Mr. Woodbury. 


are found: Wastes ashes, garbage, street sweepings and rubbish; 
the rubbish consisting paper, broken-down sofas, discarded mat- 
tresses, old shoes, bureaus, washstands, broken crockery, dolls, tooth- 
brushes, tin cans, rags, bottles. _Every conceivable kind waste 
either found the streets, put out the houses, for the city 
dispose of. What shall done with it, has been and still the ques- 
tion. Heretofore, New York City, most these wastes have been 
disposed the archaic method dumping them into the sea. This 
but extension the first idea disposal, which was throw 
such wastes into the street. 

This idea final disposition refuse still exists less civilized 
communities, particularly tropical countries. practiced 
all through the West Indies, the only sewer being open one 
running through the center the street, into which the gen- 
eral custom throw all wastes, including They have but 
little ashes, and the carrion crow and turkey buzzard are the common 


from the Proceedings for February, 1903. 
Commissioner Street Cleaning, New York City. 
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New York City, present, the speaker happens the com- 
mon scavenger. Paris, the time Louis XI, there was order 
appointing the hangman the common scavenger, and giving him 
permission remove dead horses and cattle from the streets. The 
world has made much progress since that time. 

The problem garbage disposal vexing one. reduction 
process, phosphates and grease are obtained. By.the incineration 
garbage claimed that heat can obtained, and that this will gen- 
erate power; but all experiments New York City show that takes 
fuel burn the garbage sanitary manner. The question cost 
important. The best most scientific and sanitary process not the 
best financially. 

Fig. Plate XXXIV, photograph flat being unloaded 
the ocean, outside Sandy Hook. shows clearly the quantity 
flotsam, much which will distributed along the beaches little 
later. 

Fig. Plate XXXIV, shows the Barney Dumper being unloaded 
sea. divided boat, catamaran, and splits the 
center, thus dropping its load. isa great improvement over the 
flat scow. 

The Delahanty Dumper, going sea under its own steam, shown 
Fig. Plate XXXV. also catamaran, having pockets hung 
between the two hulls. Doors, hung hinges the bottom these 
pockets, are opened and closed steam power, thus discharging the 
refuse. the use this vessel the refuse disposed cost 
about cents per cubic yard. 

One the dumping boards New York City, with two Barney 


Dumpers and flat scow, shown Fig. Plate XXXV. 


method loading scows also very archaic, the ashes and light 
refuse are blown about the wind. these dumping boards, and 
the scows while being loaded, number men are always engaged 
picking over sorting the refuse and trimming the Quite 
revenue obtained allowing the material value picked 
from the waste, besides the advantage having the scows properly 
loaded. 

The output rubbish and ashes from New York City about 
000 000 cu. yds. perannum. the rubbish separated from the 
ashes, means great deal financially. Riker’s Island land valued 
about $10 000 acre now being made using the ashes fill- 
ing, which certainly more economical than throwing this material 
into the sea and letting absolute waste. Ashes make the best 
possible filling, and pack well behind the cribs, are sunk the 
mud bottom. 

the utmost importance that dumping sea stopped, 
not simply because makes the beaches unsanitary and unsightly, 
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but because waste valuable material. The separation Mr. Woodbury. 


refuse now good condition. The quantity garbage sent 
the Sanitary Utilization Company 1902 was 000 tons more than 
was ever sent any previous year. This quantity garbage has 
come mainly out The rubbish, also, kept separate 
parts the city, thus leaving the ashes almost merchantable 
commodity. 

For the disposal rubbish Mr. Parsons has designed the incin- 
erator the pier Forty-seventh Street and North River. 
burning about loads yds. each, about tons eight 
hours, every day. This rubbish consists excelsior, mattresses, 
trunks, barrels, boxes, chairs, sofas, paper, rags, etc. These, 
burning, produce sufficient heat make steam boilers which will 
furnish power run belt-conveyer, now being constructed, which 
will used for sorting the material. power will used 
for lighting, for the elevator, for traveling runway the dumping 
board for loaded trucks, and possibly there will some power which 
sold. 

The City New York now receives $110000 year for the 
privilege sorting, and when greater facilities are given the 
sorters, the conveyer mentioned, much larger sum will 
realized. 

Aside from the sanitary handling the refuse, acres land 
have been made Riker’s Island, which equivalent $630 000; the 
privilege picking over the refuse has been sold for $110 000 for the 
year; and the utilization power from burning the non-marketable 
refuse will bring the total income about $900 000 year. this 
way the city’s wastes become source revenue which will help 
materially cleaning the streets. 


Am. Soc. E.—There are two inquiries which Mr. Ball. 


seem pertinent this subject. One the question how 
far safe and desirable use street sweepings material for fill- 
ing. The second relates precautions observed handling 
builders’ refuse resulting from the demolition dwellings which have 
been for long time aninfected condition. 


The division municipal refuse into four classes, used Mr. 
Hering: 
sweepings; 
rubbish; 
IV.—Kitchen garbage; 
convenient one for the present purpose. remembered 
that only exceptional cases are street sweepings collected sepa- 
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Mr. Ball. rately, the usual method being mix them, found convenient, with 


any other class refuse. 

Premises.—To make clear the proposition advanced the speaker, 
let assumed, the outset, that kitchen garbage alone ought not 
used material for filling low grounds, and that all mixtures 
garbage with either ashes, street sweepings dry rubbish are objec- 
tionable for this use the degree which they contain the more 
putrescible ingredients; also, that under some conditions ashes, and 
sometimes dry rubbish, may utilized this manner without danger. 

The inquiry, then, thus formulated: Whether street sweepings 
alone, mixtures with ashes dry rubbish, into which they enter 
principal element, are not undesirable materials for filling low 
lands, parks and streets? seems that this use sweepings ought 
questioned, for three reasons: First, because the considerable 
percentage organic matter which they contain; second, because 
the disease germs which are present them; third, because their 
objectionable physical qualities. 

Prevalence this Method Disposition.—In connection with the 
general statements Mr. Hering’s opening discussion, that the use 
sweepings for filling low land common one, certain The 
Engineering Record November 29th, 1890, are value. tabu- 
lated statement giving returns from seventy-eight cities and towns, 
the method disposition street dirt, which, doubtless, includes 
rubbish well sweepings, stated that fifty-four these muni- 
cipalities (69%) used such materials for filling low places and 
lands, for grading streets and park 

From the more comprehensive statement summarized Pres- 
cott Folwell,* Am. Soc. E., from the detailed reports obtained 
for the Municipal Year Book for 1902,” learned that 741 the 
cities and towns having populationin excess 3000 report that street 
sweepings are used for filling. This number 76% those that 
report method disposal. may also noted that the 
Department Street Cleaning the City New York advertises that: 

having lands places the vicinity New York Bay 
fill in, can procure, free charge, material for that purpose—ashes, 
street sweepings, etc.—collected the Department Street Clean- 
ing. 

Quantity.—Although few statistics are obtainable the total 
quantity street sweepings handled municipal authorities, the 
ratio which the refuse thus classified bears the total quantity col- 
lected ascertainable for some the larger cities, well the 
quantities sweepings collected them. 

table prepared for the Advisory Commission Mayor Hugh 
Grant, and published its report 1891, the distribu- 


Engineering News, November 20th, 1902. 
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stated be: 


The statement made Mr. that the distribution 
volume is: 


There appears difficulty harmonizing these statements, 
being understood that street sweepings and rubbish are included 
single item, and that the garbage constituent may often include many 
kinds waste which, strict analysis, should classified rub- 
bish rather than garbage. The latter table, Mr. Parsons, showing 
the per capita distribution the refuse Greater New York, gives 
about 18% weight street sweepings. From these, and other less 
complete would seem probable that 20% the total amount 
refuse well represents the proportion such material cities 
where the collection made well-defined classes, that, all 
events, such percentage not too large. 

The report the operations the Department Street Cleaning 
for the year 1900, which the latest obtainable, states that col- 
lected from all Greater New York, 307 594 cartloads ashes, 
street sweepings and other refuse,” apart from the item garbage, 
separately named. 

Composition Sweepings.—The composition street sweepings 
varies greatly with the character the pavements from which they 
are gathered, with the method sweeping—whether hand ma- 
with the effectiveness the separate collections dry 
rubbish, such dust, leaves, rags, paper, metal, old leather, straw, 
wood, glass, 

Organic Constituents.—It obvious that sweepings from smooth, 
impervious, elastic pavements will contain much greater percentages 
organic matter than such are collected from macadam rough 
stone pavements. 

The limits indicated Baumeister* are for macadam pave- 
ments 23% for stone pavements, and 60% for wooden pavements. 

analysis street dirt made 1874 Professor Edwin Waller, 
for Health Department the City New York, gave, for 
average thirteen samples: 


Organic and volatile matters 


tion the refuse collected New York City the years 1882-1890, Mr. Ball. 


} 3 


Mr. Ball. 
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There appears evidence determine whether rubbish was 
was not included the samples for this analysis. 

Examinations the percentage moisture, ash and organic and 
volatile constituents found samples ashes, sewer dirt, street 
sweepings and rubbish collected New York City two different 
dates, March 14th and May Ist, 1902, give percentages the organic 
constituents varying from 17.86 40.70. Theaverage five analyses 
for each the above dates was organic and volatile matters. 
The samples were collected the skilled who made the 
analysis, and garbage was excluded. 

The prevalence, the present date, sheet-asphalt for street sur- 
faces, well the constant increase the ratio paved unpaved 
streets, would likely indicate that higher percentage organic 
matter common, and would seem that estimated percentage 
justified. 

Rubbish Constituents.—If street-cleaning machines are used instead 
hand-sweeping methods, the resulting refuse will contain smaller 
quantity miscellaneous rubbish, the sweepers and shovelers the 
latter case collect from the gutters various articles small dry rubbish 
which the machines not touch. Most these materials, such 
leaves, paper, straw and hay, are light and combustible, but consider- 
able quantities waste metals, glass, crockery, plaster, etc., are heavy 
and incombustible. 

Germ Constituents.—In addition the tuberculosis germs noted 
Mr. Hering being abundant street dirt, the bacilli diphtheria 
are means uncommon, and typhoid fever germs are sometimes 
found. 

series experiments was conducted the Street-Cleaning 
Department the City New York August, 1902, exposing 
Agar plates, the curb level and ft. above, various locations dis- 
tributed over the city, and noting the number colonies bacilli 
developed during stated period. The isolation specific pathogenic 
germs was not attempted, any considerable extent, the object being 
determine the varied effect different kinds distribut- 
ing the bacteria air; but maximum colonies per inch-minute 
was found the east-side tenement district, and minimum 0.06 
colony for suburban street the Bronx. 

The important question respecting the danger from these bacilli 
that their viability. 

now well known that the tubercule bacillus retains its life 
properties for long periods when dry, but not well demon- 
strated that dangerous when moist condition, such would 
occur most frequently beneath the surface fill. Respecting the 
life the typhoid and diphtheria bacilli, there appears doubt 

that these are perpetuated damp surroundings. 
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Professor Charles Harrington, his Manual Practical Mr. Ball. 


(1901), discussing the function the air carrier infection 
(pages 226-230), summarizes the extensive researches Dr. Eduardo 
Germano the permanence typhoid with the statement that this 
germ well that diphtheria can live for long time moist sur- 

Lister Sutcliffe, introductory chapter his Sanitary 
Fittings and Plumbing (1901), says: 

Dr. Sidney Martin’s experiments with the typhoid bacillus, for 
example, prove that soon dies virgin’ soils, whether these are 
sandy peaty, but that rapidly multiplies moist sterilized 
samples soils from gardens and other cultivated places, and retains 
its viability and vegetative properties for months and perhaps years. 
Moist sterilized soil which had been impregnated with the typhoid 
bacillus was found contain the bacillus the end The 
soil was then naturally dried for days, till ‘could readily 
powdered into fine dust;’ the bacillus was still there. 


lessons learnt from these and other investigations are 
that some pathogenic organisms are not any means short lived 
commonly supposed, that they may spread rapidly under suitable 
conditions, and that they may exist for considerable time even 
dust dry blown about the wind.” 


Physical Characteristics.—It evident that the physical qualities 
permanence and stability, required ground used for founda- 
tions structures, even for the sub-surface streets and parks, 
are lacking street sweepings, owing the considerable quantity 
organic matter and light combustible material contained. 

Conclusions.—That the opinions expressed the speaker are not 
altogether new, shown paper City Scavengering Boston,” 
read Eliot Clarke, Am. Soc. E., the meeting the 
Metropolitan Public Health Association Nashville, Tenn., Novem- 
ber 18th, 1879. work scavengering here classified consti- 
tuting four parts: 

1.—Removal offal; 

2.—Removal ashes and house dirt; 
streets and street basins; 
4.—Cleaning privy vaults and cesspools. 


Under the second division his subject, Mr. Clarke writes: 

large part Boston being very low land, there great tempta- 
tion use this refuse (ashes and house dirt), the place earth filling, 
and such its usual disposition. were perfectly free from 
admixture with other substances, would form suitable filling for 
most purposes, but not so.” 

then explains the attempts keep out objectionable rubbish, 
and, the following statement, the failure accomplish 
this: 

average, one-third each cart-load so-called 
ashes consists other refuse. Portions this refuse are harmless 
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Mr. Ball. enough, as, for instance, broken glass, crockery, plaster, old iron and 


tinware, but other portions entirely destroy the suitability for filling, 
such bones, hair, leather, rubber, paper, pieces cloth and car- 
peting, old baskets, and, short, any vegetable animal matters 
liable decompose. The ashes and house dirt are used grade 
streets and parks belonging the city, and private lands, when de- 
sired permitted the owner. Ina few cases paid 
the city for the filling. evident that the presence the refuse 
house dirt renders ashes undesirable for street building, the matter, 
whole, compacts very slowly, and continues settle for vears. 
the surface paved covered with gravel, there will probably 
smell; but digging trenches for laying gas and water pipes, sewers and 
drains, will offensive operation for number years, since organic 
matters, kept from free supply oxygen, decompose slowly. 
* * * * * * * * 

probably serious mistake dump house dirt land 
which built upon. true that the organic matter mixed 
with the ashes must time disappear; but how soon, impossible 
say. Excavations made Boston land filled from city carts 
ten years have disclosed remnants organic matter, and the 
process decomposition still going on. The risk living over 
such land may slight, but, however slight, risk disease 
and death.” 


considering the third division the subject, writes: 


Forty-eight thousand and fifty-nine (48 059) cart-loads dirt 
(street sweepings) cu. ft. each, were collected during the past 
ear (1878?), and were disposed the same manner ashes and 
ouse dirt, being used fill land for streets, parks and dwelling 
lots. The street dirt rather uniform character, consisting 
earth, road detritus, fragments wood, leaves, paper, soot, hair, 
Under exceptional conditions, from well-paved streets the heart 
the city, load sometimes obtained sufficient manurial value 
fetch asmall price for use land, but this seldom. mani- 
festly unfit substance for filling, both from engineering and from 
sanitary point view; but what else with problem yet 
unsolved.” 
the speaker, the solution appears clear one, view the 
statement Mr. Parsons, that ‘‘rubbish collections are very com- 
bustible, are also street sweepings.” conclusion appears 
incontestable that street sweepings may and should burned, irre- 
spective the question whether they can can not made assist 
disposing the more objectionable garbage. 


has been recognized for some years students sanitary 
science that human habitations which filthy conditions prevail for 
time become infected with disease germs that cure can 
effected. Although the recent methods disinfection formal- 
dehyde gas are degree effective, seems questionable whether 
even those will render safe for habitation dwelling which has for 
long time been permeated with disease and filth. 
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Danger Infection.—The report the Tenement House Commit- Mr. 


tee 1894 (usually called the Gilder Commission, from Gilder, 
its Chairman), makes brief reference their conclusions this re- 
gard, follows: 


well-known fact that human dwellings, prolonged 
occupation, become saturated with the bodily emanations those 
who have lived them, sick and well, less healthy than newer 
houses. has often been proposed construct hospitals flimsy 
and inexpensive material, after the manner temporary shelter, 
and destroy them fire every few years, replaced with new 
ones. 

result prolonged human occupancy made worse 
this city the rapidity with which the character the population 
the lower parts the city has changed, and the fact that houses 
built private dwellings are not fitted serve tenements, either 


respect light, ventilation, water supply, privacy facilities for 


Respecting the fact tuberculosis infection old houses, there 
higher authority than Arthur Guerard, D., New York 
City. paper presented the Tenement House Commission, 
November 16th, 1900, treating The Relation Tuberculosis 
the Tenement House says: 


has been repeatedly observed that some houses overcrowded 
districts after time seem become permanently infected with 
easy understand how the permanent infection premises 
occur when one considers that the sputum consumptives, whic 
frequently contains countless number virulent tubercle bacilli, 
often carelessly expectorated the floor and elsewhere dwellings, 
where dries and converted into dust, thus getting into cracks 
the woodwork, the papering, etc., whence later inhaled into 
the lungs others. Such tuberculous dust has been found ex- 
periment remain virulent and infectious for months and even years 
after was deposited rooms which were not thoroughly disinfected 
and renovated; and where this dust allowed accumulate for 
length time may impossible disinfect and renovate the 
premises without practically rebuilding them. These premises then 
become permanently infected.” 


John Sykes, D., his recent book Public Health 


and Housing, thus refers (pages and 83) the dangers infec- 
tion: 


Miquel, Emmerich, Carnelly, Haldane, Anderson, Johnstone 
and other observers and experimenters have shown that with the in- 
creasing use and age dwelling-house the walls and spaces beneath 
floors become liable harbour micro-organisms increasing de- 
gree. The more the surfaces, especially the floors and walls 
house, become worn and defective, the better lodgment they present 
for the accumulation organic matter—the nidus micro-organisms 
—and the less attention paid repair and redecoration, the more un- 
healthy the influence the house becomes. 

All these experiments and observations indicate the necessity for 
such construction, and usage best conduce the 
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Mr. Ball. cleanliness and purity the air and around dwelling-houses, 
order not only prevent disease, but also prevent the loss that 
vitality, vigour, and energy which cannot easily measured ex- 


periments statistics.” 

The conclusions these various investigators the danger 
the use such dwellings, appear the speaker justify reasonable 
precautions their demolition, and the handling the materials, 
both the valuable and the useless, resulting from this tearing down. 

The number buildings for which demolition permits were issued 
1902 the Bureau Buildings, Borough Manhattan, Greater 
New York, was 622. This number, well understood, does not 
represent all the buildings demolished, small proportion torn 
down without the formality permit. list examined 
anyone conversant with the city, will note, from the street loca- 
tions, that certain these demolished dwellings are very old build- 
ings tenement districts, and some cases such were not con- 
structed originally for tenement purposes. search the records 
these buildings will show that they are infected with disease, and 
have been for long period unclean condition. 

Present Method Demolition.—The present method demolition 
results the removal, for fuel purposes, the poor the neighbor- 
hood, the smaller portions the wooden floors, casings, roof, 
which are then stored the adjoining cellars. results from this 
that building infected with disease germs, filth and vermin, may 
readily disperse these dangerous elements the vicinity. 

The only supervision sanitary nature over the practice 
demolition New York City the present time the requirement 
the Department Health that frequent sprinkling with water should 
given the walls they are torn down, avoid objection- 
able dust. 

Desirable Precautions.—It would seem the speaker desirable 
examine all buildings, about demolished, totheir sanitary con- 
dition, and, this found all doubtful, observe the follow- 


kept constantly wet with disinfecting solution the work 
tearing down proceeds. From what has been stated already, evi- 
dent that the old paper walls and ceilings, the plaster walls, and 
the woodwork the floors, doors and trim the rooms and halls are 
the elements danger. These should sprayed thoroughly the 
commencement the work, and kept wet. The Building Code the 
City New York requires the demolition buildings carried 
story story, and thesystematic execution the work indicated 
herein would facilitated the adoption this rule all cases. 
Second, that combustible material should distributed the 
neighborhood, but that should all removed, and that which 
valuable for fuel only thus used under conditions which would pre- 


ing precautions their destruction: First, that the building should 
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vent the danger contagion. The old paper, lath, floors, doors and Mr. 


trim the rooms should burned some locality remote from any 
residence, and, the use simple gratings, will furnish fuel for 
the incineration much the light refuse. 

Third, that any portions the structure which are suitable for 
use new buildings should not thus used without having been 
subjected suitable disinfecting processes. 

Fourth, that, during the process further excavation the site, 
the soil removed should examined polluting matters, and, 
found contain such, should treated with disinfectants. The 
actual demolition old tenements New York City, with the excava- 
tions for cellars new buildings, shows that, where school sinks and 
earthenware house drains have existed, there extended satura- 
tion the soil. The removal and proper treatment this saturated 
soil matter great importance. 

Fifth, that all non-combustible waste refuse should kept under 
supervision, the method disposal. Where impracticable 
treat any waste material some process sterilization, the dis- 
posal should some locality not likely used, even the 
remote future, for residence business purposes. 


Am. Soc. (by letter).—The introduction Mr. Haswell. 


water into towns and cities for domestic and public services, other 
than that obtained from public and private wells, involves the laying 
pipes for its reception and transmission, and sewers for its dis- 
charge combination with the excrementitious matter their resi- 
dents and animals, the filth hospitals, households, slaughter-houses, 
stables, manufactories, tanneries, street washings, etc. The resultant 
this flow the pollution the earth water over into which 
discharged. 

The disposal crude sewage and its treatment, the mitigating 
its septic elements, its sanitary, useful and effective disposal, com- 
bined with the resulting pollution the rivers into which dis- 
charged, and the insanitary effects becoming subject 
important, relates the existence and duration human and ani- 
mal life, that imperatively demands immediate consideration and 
action. more national importance than the aggregation all 
the financial and political questions the time; yet, with the excep- 
tion the consideration and report the St. Louis Commission 
the Chicago Drainage Canal, and possibly some other isolated cases, 
criminally neglected. 

Primary Disposal.—In internal villages small towns custom- 
ary and quite practical mix the excreta with earth, bear beyond 
the residences inhabitants, and use for fertilization, deposit 
masses and cover witn earth. the more populous towns 
Europe, trenches are excavated and filled, the ground selected being 
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Mr. Haswell. suitable for infiltration the fluids the sewage reservoirs and cess- 


pools, and being located proper distance from residences. When 
filled, these trenches are covered with earth, the surface their con- 
tents, meanwhile, being exposed evaporation, and their whole 
contents infiltration (their masonry being open-jointed); but when 
the earth which they are placed clay, wet saturated, con- 
tiguous stream potable water, they are constructed with close 
joints, and, periodically, their contents are pumped out and dis- 
tributed for fertilization. 

Treatment.—In order mitigate the noxious exhalations crude 
sewage, is, some instances, delivered into tanks, reservoirs 
coke-beds, for aeration, subsidence, filtration and oxidation. 

Chemical Purification and Precipitation.—Chemical purification 
effected strong mixture lime, salts, sulphur, oxidizing com- 
pounds, etc., with the crude sewage. Iron and aluminum salts, 
followed lime, give purified Precipitation effected 
the use lime solution, and sulphate alumina. popu- 
lous towns and cities, any like treatment their sewage, conse- 
quence its volume, wholly impracticable. 

Surface Precipitation.—This involves the occupation area 
land, being officially estimated one acre for every hundred 
human inhabitants. 

the course purification, oxidation essential portion the 
changes through which sewage has pass. Sedimentation sub- 
sidence the solid and dense material sewage claimed arrest 
pollution; so, the effect retroactive, would result the 
gradual filling the bed the river, the formation foul 
and noxious shoals. The natural purification water, the very 
slight extent which attainable, effected the combination 
ammonia, arising from the mixture decomposed animal matter, 
with the oxygen the atmosphere. 

Filtration.—In order arrest bacteria and organic matter this 
process, sewage delivered into reservoirs and subjected the ab- 
sorbent capacity coke and sand; which operation involves the fre- 
quent cleaning replacing these materials, their absorbent 
capacity will soon become inoperative account the arrest the 
dense particles the sewage. 

classed Rideal under three divisions 
Broad, Intermittent, and Mixed. 

Broad.—In broad infiltration, the sewage distributed over large 
surfaces agricultural land, sewage farms, they are termed, 
which purified. This method involves the occupation very 
large areas land, officially estimated, like that precipitation, 
one acre per hundred population. 


Samuel Rideal, Sc., London. John Wiley Sons, 
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Intermiltent.—This effected the deposit sewage short Mr. Haswell. 
intervals time, area porous earth restricted will 
absorb it, but making the products vegetation secondary im- 
portance. 
the mixed system, the sewage first purified 
sedimentation chemical means. The efficiency this operation 
depends wholly upon the character the soil, its porosity and 
freedom from water, saturation, clay, peat, conglomerated gravel. 
The Local Government Board England prescribes for stiff clay 
one acre for every twenty-five human inhabitants, and for loamy 
one acre for every one hundred. 
Cremation.—Cremation effected the evaporation and the com- 
bustion the crude sewage very high temperature, forced 
draught the furnace, and very high chimney dispel the noxious 
effluvia the combustion. the operation some furnaces Eng- 
land, was essayed prove that sludge (precipitated and dense sew- 
age), both remuneratively and without offence, could incinerated, 
and that the coke produced paid for the operation. was found, 
however, that the agricultural value the residuum was much 
impaired that could not disposed profitably for that purpose. 


The evaporation the liquid, and the combustion the sludge 
requires the consumption some fuel. sludge submitted 
filtering pressure, average 7.74 tons 240 per million 
United States gallons crude sewage obtained. Southampton, 
England, was essayed burn sludge remuneratively, and without 
noxious results. The combustion coal was first used try it, the 
ammonia evolved was collected and the volatile matter was passed 
through the fire. was claimed that the the coke produced 
paid for the cost and expenses, and that the net cost the combustion 
and incineration was inconsiderable. support this operation, 
considered that even where sewage discharged into bays 
upon the sea coast and below the confluence the tidal and river fiows, 
the velocity the ebb tide not wholly effective transporting 
the ocean, will subside slack water, and the basins (locally 
and erroneously termed slips) formed the projection piers, 
thus creating noxious exhalations, and causing frequent dredging and 
the transportation their contents the ocean. 

Fluid Discharge and River Pollution.—Where towns and cities are 
located long river, and above the extreme line and 
commixture its water with the tidal water the ocean, some 
the Hudson, Delaware and Connecticut the East, and the Ohio, 
Mississippi and the West, the pollution the water 
the discharge crude sewage into increased progressively 
the discharge from other and adjoining towns, but somewhat miti- 
gated the gradual water from tributary streams (which, 
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however, will eventually become polluted like manner), down the 
point its confluence with the water the ocean. 

Effect Pollution.—It generally, not universally, claimed that 
foul polluted water purifies itself, and, support this claim, 
tests and observations have been made. Thus, the Massachusetts 
Board Health deduced that the crude sewage was less than 0.0077 

the water river into which was discharged would 
not affect the water objectionably. other words, advanced that 
one measure crude sewage mixed with 129 measures river water 
its normal condition would yet potable, notwithstanding that 
its septic putrefying quality would not negatived eliminated. 
Further, investigator Europe has declared that the crude sew- 
age does not exceed 066 the river water, when flows 
with velocity equal that the sewage, would not affect the pota- 
ble quality the water; notwithstanding that, addition thereto, all 
streams and rivers are polluted more less the rain washings 
from farmyards, roads, decayed vegetable matter and the putrefaction 
dead animals. 

the distance which crude sewage discharged into flowing 
river will become innocuous the alleged self-purification the water, 
authorities differ, one puts miles and another 200. The 
desirability assigning any general distance, assuming practicable 
so, negatived the point location which any putrescent 
matter was present. Thus, putrefying carcass animal, its 
gravity (for instance, that dog with weight attached may 
remain the bottom ofariver. Over this the water would flow, and 
receive putrescent matter from for long time. 

While conceded that pure water only chemically obtained, 
laboratory, natural water acceptable for domestic requirements, 
provided free from noxious matter, and not offensive taste 
health and commercial requirements. 

Notwithstanding the popular declaration that even crude sewage, 
discharged flowing water, will, when mixed with it, verious as- 
sumed and empirical proportions and assigned distances flow, 
become potable, aknowledge the various impurities such polluted 
water not pleasing reflection. The riparian inhabitants the 
river into which the sewage populous city flows are passively 
subjected the drinking its water pollution, yet, the same 
time, they will consider the presence any, even slight, impurity 
their other fluids foods, milk, mineral waters, flour, meats, fruits, 
etc., objectionable and not submitted passively. the 
self-purification water, difficult manifest how the many 
and various chemical, vegetable and animal pollutions can elimin- 
ated from polluted water any process, physical chemical, and 
unless they are eliminated, the assertion that water will purify itself 
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common and grievous error, and, despite the claims chemists Mr. Haswell. 


and scientists all grades, they are challenged manifest what 
manner, chemical self-acting, water infused with excrementitious 
matter, the discharge tanneries and slaughter-houses, paint, ink and 
glue factories, hospitals all kinds, dead bodies men, animals and 
fish, can made acceptably palatable. whole aggregation 
its parts, and volume foreign offensive matter, however small, 
introduced into pure water, its purity negatived. 

Insanitary animals cannot retain health while the 
discharged products their vital action are permitted retained 
about them, and when they are confined that condition death grad- 
ually ensues. The result sanitary disposal illustrated 
the improvement the health towns the reduction their 
death rate. instance the City Leeds, England, where, 
twenty years, the death rate was reduced from per thousand 
its inhabitants. 

towns and cities where infiltration wholly depended upon 
for the disposal sewage, the soil becomes contaminated with 
matter, which, undergoing but little oxidation and combination 
with the periodical cleaning out the cess-pools reservoirs, 
renders the exhalations therefrom both noxiously offensive and insani- 
tary. the country and some small towns customary avail 
streams over which set privies, and when the streams aresluggish 
the matter will subside its flow and pollute the earth 
extent affecting its sanitary condition. 

Reviewing, then, the elements submitted, presented: 

for internal villages and small towns, sewage can 
readily disposed infiltration and the fertilization the 
adjoining soil. 

2d.—That for similarly situated and larger towns and small cities, 
while the sewage can infiltrated serviceable extent and the 
solid portion used for fertilization, yet the area soil required for 
effectual operation great render this method generally, 
not wholly, impracticable. 

3d.—That from all locations, from villages populous cities, 
tidal rivers sea coasts, the clearly defined limits the tidal 
flow with the fresh-water their sewage may 
discharged directly its crude condition, instanced the sea- 
bound cities Boston, New York, etc., Burlington the Delaware, 

4th.—That the discharge sewage, crude treated, into our 
rivers continued, will wholly arrest them from being resorted 
for the supply potable water, and supplies must obtained from 
the ponds and lakes with which our country abounds. Animal life 


exist polluted water, and the cost arresting its pollution, 
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‘Mr. Haswell. view its result, not considered. the health our 


people primary importance, the emergency must faced. 

5th.—That draw upon the waters Lake Michigan and its 
northern tributaries for the service the Chicago Drainage Canal and 
the mitigation its pollution the rivers into which discharged, 
and assigning given volume with the number popu- 
lation the City Chicago, would result the lowering the surface 
levels, and all adjoining waters down the Gulf St. Lawrence, and 
prejudicial both the manufacturing and commercial districts 
all the intervening towns, consequence which would not 
permitted, either the Government the United States that 
Canada. Hence the proposal utterly impracticable adoption, 
its effects would soon become insupportable the people both 
countries that they would arise opposition, and Congress would 
appealed for relief, and damages claimed. 

6th.—As the sewage populous towns and cities cannot dis- 
posed effectually, with sanitary requirements, either evapora- 
tion, precipitation, filtration, its discharge into rivers above the 
line commixture tidal and fresh waters, into lakes, 
mixture with great proportional volumes water from our lakes, with 
immunity from the pollution the potable waters thereof, there are 
but two methods left, viz., one for populous inland towns and cities, 
the sewage which must chemically discharged its noxious 
exhalations and disposed for fertilization, practicable so; 
and the other cremation, which there danger the pollu- 
tion water supplies, insanitary effects. operate it, involves 
the construction and maintenance furnace plant, and that the 
sewage, received, must free from surface fluids practicable, 
and that where sewers for the reception and conveyance both sew- 
age and surface water exist, large cities, independent drains 
laid for the surface water. 

7th.—That, great this combined cost reconstruction and con- 
struction would be, inconsiderable, compared with the bene- 
ficial results attained it, that the expenditure not 
entertained bar the method, for the result the discharge 
the water our rivers above the line commixture given will soon 
have faced squarely, the destruction the potability the 
water all rivers bordered populous towns cities will become 
eventually extensive that will interfere with the requirements 
the people and their horses and cattle. will also cause the 
destruction the fish, and how that the citizens Chicago enter- 
tain the opinion that the operation their drainage canal will sub- 
mitted to, and that the riparian residents the rivers into which its 
sewage discharged will submit passively, wholly inexplicable 
the writer. 
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8th.—That the discharge sewage, crude treated any anti- Mr. Haswell. 
septic manner, fresh-water river, offensive, noxious and not 
entertained with any regard whatever the sanitary requirements 
its riparian residents; that will not submitted to; and any 
all towns cities contributing the pollution such water will 
not only not permitted continue such practice, but will 
inexorably required dispose their sewage some other and 
proper manner. 

9th.—That existing wells, for households, densely populated 
towns and cities should filled and abandoned forthwith, and the 
vaults all privies and tanning vats made water-tight, arrest in- 
filtration any part their contents contiguous and subterranean 
watercourses, and guard against the result the ignorance and in- 
difference some people who disregard all sanitary requirements and 
permit the proximity privies their wells. 

Finally, when this subject the disposal sewage entertained 
proper manner, and such disposal operated under sanitary 
requirements, the wonder will how and why was that any the 
now existing methods, including the very restricted operation 
cremation, for populous inland towns and cities, were tolerated. 


WRITER sole reason why cremation garbage 
been success England that itis burned ovens and not near 
boilers; that say, the cells which destroyed are wholly 
firebrick, and only when combustion complete are the products 
brought into contact with the comparatively cold plates steam 
boiler. There really very serious difficulty completely de- 
stroying refuse high temperature, simple calculation will 
show. Anyone who has garden knows that ordinary garden rubbish, 
leaves, etc., will destroy itself heaped high above small quantity 
dry stuff. The initially dry stuff dries out the wet stuff which lies 
upon it, and this then burns and the whole heap dried off and 
burned. 

England all refuse collected together, e., not separately, and 
includes ordinary house refuse, such cinders and vegetable refuse. 
considered that this material contains 30% water, 30% com- 
bustible matter and 40% inert matter, such gravel, broken crock- 
ery and clinkers ashes. 

refuse will contain 4400 Fahr., the water willcarry 
off less than 550 U., including latent heat and superheat. There 
will remain 950 U., deal with. Allowing air per 
pound fuel, there will air, 0.3 fuel and 0.4 


*The this discussion was received the Secretary, from London, 
but name was attached any published here the hope that the 
writer will furnish his name, that may printed 
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Writer 
unknown. 


Mr. Hering. 
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total 6.1 lbs. share 850 U., 631 units per pound. 
The mean specific heat all furnace products and clinker, etc., 
less than 0.25. Calling 0.25, the resultant temperature would 
524° Fahr., 631 which sufficiently above 500° allow for 
further excess air. Moreover, the air forms far the larger 
weight stuff passing through the furnace, becomes simple 
matter add considerably the temperature heating the air 
the flues beyond the destructor. 

The reduction temperature, due the increase specific heat 
gases high temperatures, need not discussed. will not pull 
down the temperature below 500 degrees. 

The combustible elements any refuse can ascertained easily 
having bulk sample weighed and burned off gas retort, after 
being first dried, and again weighed, the second difference being com- 
bustible. refuse poor that has not sufficient fuel 
burn thoroughly, ought mixed with the cheapest grade coal 
obtainable and all burned together refractory cell. The placing 
boiler one boundary destructor cell the worst possible 
practice. Even good bituminous coal cannot destroyed such 
device without smell and fumes. 

The sloping grate, course, great aid the work, for the 
labor then consists only helping forward the clinkered purified 
residue. The heat carried off the water partly recovered when 
the gases are passed finally through boiler; but sanitary engineer 
now attempts use the heat from destructor until destruction 
complete and nothing but glowing gas remains. simple calculation 
for any ordinary sample refuse will show that has power heat 
everything contains clear red heat higher. 


has revealed fair unanimity opinion regarding the fact that the 
garbage question has now reached point when its proper solution 
requires the aid the engineering profession, instead being left for 
solution almost wholly committees city councils boards 
health. also apparently agreed that different conditions demand 
different methods disposal, and that each municipality should select 
the method which, after careful study the specific local conditions 
and careful investigation the cost securing unobjectionable 
results, proves most economical. 

further agreed that the problem must include consideration 
the methods and cost handling all the several kinds refuse 
between the points origin the streets and the points final 
disposal. 

When opening the subject, its largeness precluded entering into 
details, but number these have been elaborated subsequently, and 
have added valuable information. 
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reply Mr. Baldwin the writer may state that there are Mr. Hering. 


least three garbage furnaces America, where, said, all the refuse 
burned without the regular addition coal, excepting start the 
fires Monday mornings, whenever they have been interrupted. 
One Montreal, where the garbage mixed with dry refuse and 
with domestic ashes, which, however, are screened some seasons 
not always. Another San Francisco, where there similar 
furnace and where the garbage likewise mixed with dry rubbish 
andashes. The third Atlanta, Ga., where the garbage and dry 
rubbish alone are burned, and domestic ashes with the residuum 
unburned coal, are added. 

The writer was glad hear from Mr. Parsons that his investigation 
had convinced him that the garbage and refuse New York City, when 
mixed, would self-combustible. Steam ashes, being the result 
intelligent and economical firing, have fuel value left, and always 
should removed separately and utilized for filling, road-making, 
the body-material mortar. But domestic ashes, containing 20% 
unburned coal, have fuel value beyond the cost screening out 
the fine ashes, which value may sufficiently great utilize. Whether 
not such utilization economical, depends the extra length 
haul the crematory, and the cost screening. 

would very interesting and useful the precise facts leading 
Mr. Parsons’ conclusion could made public. Generally, 
intimates, the scientific treatment garbage fairly understood and 
could put into practice, provided the means were available. But 
this understanding not the only requisite for solution the 
present difficulties. also necessary that the public should appre- 
ciate fully and have confidence the recommendations, because the 
public must furnish the means carry them out. this end, 
actual demonstration practical scale seems the sine 
showing that the treatment which engineers, after studying the special 
problem, believe the proper one, will both successful and 
economical. Such demonstration yet lacking our own couutry. 

Most the present disposal works were proposed promoters, 
who succeeded obtaining contracts erect plants, and whose 
interest lies chiefly immediate profit themselves. impartial 
and thorough investigation, order ascertainthe best 
results for ultimate instead for immediate profit has not yet been 
undertaken any city this country. Dr. Soper states that the 
present moment propitious for such investigation made 
regards New York conditions, where the existing methods are yet 
crude and quite expensive, even though 40% the work collecting 
and disposing the garbage done private parties, over which 
the city has but little control. 

The writer suggests that his opinion further profitable inves- 
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Mr. Hering. tigation would full and detailed report the entire subject, 


containing itemized expenses, and setting forth clearly the methods 
operation and the results obtained those cities Europe where 
this subject has been settled satisfactorily, and, for comparison, 
equally detailed report the existing conditions several our 
own cities. Such comparative report, the writer believes, would 
great value pointing out specifically and most forcibly the 
courses pursued solving this problem home. fact, unless 
either present the public with actual information this kind 
make actual impartial demonstration one our large cities, 
would seem that the proper solution the garbage question this 
country will still further postponed. 

Mr. Ball makes appeal for the disposal street sweepings 
burning instead filling land, and offers many statements sup- 
portit. Sucha disposition made several cities Europe. 
the fact that this material forms rich field for disease germs, its 
incineration certainly preferred when practicable. There are, 
however, many cases, particularly our country, where the quota 
combustible matter reduced greatly admixture with mineral 
matter from badly paved unpaved streets, that burning becomes ex- 
pensive. such cases filling land not only cheaper, but may 
without sanitary danger. Mr. Ball further discusses the demolition 
infected buildings, and gives the precautions which should 
their demolition. This subject had not before been touched upon, and 
sufficient importance have been made part the subject 
under discussion. The writer believes Mr. Ball’s precautions wise 
and practicable. 

Commissioner Woodbury, his remarks, leaves doubt resting 
the financial preference the incineration over the reduction pro- 
cess, yet produces facts substantiate it. Mr. Parsons, the 
other hand, unhesitatingly states his belief that incineration 
the garbage New York City cheaper than its reduction, but, like- 
wise, without substantiation. These, and other statements, confirm. 
the opinion expressed the writer, that experiments large scale, 
combined with exhaustive inquiry into the subject, are required 
demonstrate the best well the most economical disposal. 
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SOCIETY AFFAIRS. 


CONTENTS: 
Minutes Meetings: PAGE 
Announcements: 
Hours during which the Society House 
Topics for Discussion the Annual 
Accessions the Library: 
Membership (Additions and changes 140 


April 1st, 1903.—The meeting was called order 8.40 
President Noble the chair; Chas. Warren Hunt, Secretary, and 
present, also, 119 members and guests. 

The minutes the meetings March 4th and 18th, 1903, were 
approved printed Proceedings for March, 1903. 

paper entitled ‘‘The Filtration Works the East Jersey Water 
Company, Little Falls, New Jersey,” George Fuller, Assoc. 
Am. Soc. E., was presented the author and illustrated with 
lantern slides. The paper was discussed Messrs. Allen Hazen, 
Maignen, Rudolph Hering, Harrison, Waldo Smith, 
Weston, George Whipple, William Fuller, Tribus 
and the author. 

paper entitled Automatic Modules for Regulating the Speed 
Filtration,” Charles Anthony, Jr., Am. Soc. E., was pre- 
sented title. this paper there was discussion. 
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Ballots for membership were canvassed, and the following candi- 
dates elected: 


MEMBERS. 


Baxter Lamont Browy, St. Louis, Mo. 
Jr., New York City. 
Morton Beaver Falls, Pa. 
Foss, State College, Pa. 

Larsson, Pencoyd, Pa. 
Henry TEGMEYER Porter, Greenville, Pa. 
Lewis Memphis, Tenn. 
Henry St. Louis, Mo. 

Henry Pueblo, Colo. 
New York City. 
Wason, Brookline, Mass. 
Parrerson Woops, Indianapolis, Ind. 


MEMBERS. 
New York City. 
ALLAN Jersey Shore, Pa. 
CHARLES Versailles, Mo. 
Philadelphia, Pa. 
Hate Davenport, Iowa. 
Francis Mason, New York City. 
St. Petersburg, Russia. 
James Jr., Memphis, Tenn. 
Kansas City, Mo. 
JAMES SKELLY, St. Louis, Mo. 


The Secretary announced the election the following candidates 
the Board Direction March 31st, 1903: 


JUNIORS. 
Jr., New York City. 
Jr., Oakland, Cal. 
James Henry Fort Dodge, Iowa. 
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New York City. 
JAMES Jr., New York City. 
HERBERT WILD, Portland, Me. 


The Secretary announced the following deaths: 
CHARLES ANDREWS elected Member October 2d, 1901; died 
March 2d, 1903. 
Rosert elected Junior January 3d, 1895; Associate Mem- 
ber September 5th, 1900; died March 19th, 1903. 
elected Fellow May 10th, 1870; died March 
25th, 1903. 


Adjourned. 


President Noble the chair; Chas. Warren Hunt, Secretary, and 
present also, members and visitors. 

paper entitled ‘‘An Investigation the Properties Brick 
Under Different Physical Conditions,” Turrill, Assoc. Am. 
Soc. E., was presented the Secretary, who also read communi- 
cation the subject from McCaustland, Assoc. Am. Soc. 

The Secretary announced the death 
elected Member September 5th, 1883; died April 4th, 1903. 

Adjourned. 
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THE BOARD DIRECTION. 
(Abstract. 


March 1903.— 8.40 Noble the chair; Chas. 
Warren Hunt, Secretary; and present, also, Messrs. Briggs, Craven, 
Croes, Davison, Knap, Kuichling, Pegram, Osgood, and Schneider. 

The following resolution was passed: 

the future any year the Collingwood Prize for Juniors 
not awarded, sum equal the value the Prize appropriated 
for the purchase books, photographs, exhibits American 
Engineering Works; such exhibits manner 


indicating their source; and that made the duty the Library 
Committee expend such funds.” 


The following gentlemen were added the Local Committee 
Arrangements for the Convention already announced: 


WINGFIELD, Augusta, Ga. 


The following resignations were accepted: Archibald Alexander 
Schenck, Am. Soc. E.; Walter Bruce Gormly, Jun. Am. Soc. 


Applications were considered and other routine business transacted. 
Eight candidates for admission Junior were elected.* 


Adjourned. 


See page 128. 
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every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, May 6th, 1903.—8.30 m.—A regular business meet- 
ing will held. Ballots for membership will canvassed, and two 
papers will presented for discussion, follows: Small Rock- 
Fill deB. Parsons, Am. Soe. E.; and Deflection 
Beams with Variable Moments Hudson, Am. 
Soc. These papers were printed Proceedings for March, 
1903. 


Wednesday, May 20th, 1903.—8.30 meeting paper, 
Andrews, Am. Soc. E., entitled The Economic 
Improvement the Coosa and Alabama Rivers, Georgia and 
Alabama,” will presented for discussion. This paper printed 
this number Proceedings. 


SEARCHES THE LIBRARY. 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many such 
searches been made, and bibliographies and other information 
special subjects furnished. 

The resulting satisfaction the members who have made use 
the resources the Society this manner has been expressed 
frequently, and leaves little doubt that, were generally known 
the membership that such work would undertaken, many would 
avail themselves it. 

The cost trifling compared the value the time engi- 
neer who looks such matters himself, and the work can per- 
formed quite well, and much more quickly, persons familiar with 
the Library. 

Copies all lists references are filed, that many cases 
only necessary make typewritten copy, which reduces the cost 
searches for members minimum. 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 
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ANNUAL CONVENTION 1903. 


The Thirty-fifth Annual Convention will held Asheville, C., 
June 9th, 10th, 11th and 12th, 1903. 


circular will soon issued giving information arrange- 
ments, which are the hands the following Committees: 


CoMMITTEE. 


Chairman. 


TOPICS FOR INFORMAL DISCUSSION. 


Topic No. Timber Tests. (See statement detail this sub- 
ject, page 133.) 


Topic No. Sewage Purification. (This subject will presented 
Rudolph Hering, Am. E.) 


Topic No. the treatment the Mississippi River, the Levee 
Theory justified Experience? 


Topic No. Isit possible make Concrete which will Impervious 
Water? Ifso, the best method? 


Topic No. What the effect Sea-Water upon Steel, and upon 
Steel and Concrete used Combination, and the 
use Steel Sea-Water admissible? 


Topic No. view the increasing weights Rolling Stock, for 
what loadings should Railroad Bridges designed? 


Discussion each these subjects invited. Communications 
from members who are unable attend the Convention will pre- 
sented the Secretary. 
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TIMBER TESTS. 


This subject will introduced for discussion the Annual Con- 
vention Gifford Pinchot, Assoc. Am. Soc. E., the Bureau 
Forestry, the Department Agriculture, who has prepared 
the following statement: 

The Bureau Forestry, the United States Department Agri- 
culture, intends resume the work testing timber formerly carried 
the Division Forestry during the years 1891-1896. large 
portion the groundwork covered the proposed investigation 
interest engineers, and the desire the Bureau that the results 
hoped that those engineers interested the application timber 
construction, will, this discussion, offer suggestions and make crit- 
icisms which will aid the Bureau planning this series tests. 

the intention the Bureau take these tests thor- 
ough manner and devote whatever time may necessary for the 
solution the problems involved. expected that the plan 
operation will sufficiently complete, and the methods tests well 
chosen, that the data obtained may accepted all experts. 

The following account the proposed tests very general 
nature. Those who are particularly interested can obtain descrip- 
tion the proposed greater detail application the Bu- 
reau Forestry, Washington, 

The Bureau aims results practical value, such the values 
expressing the strength and stiffness the principal merchantable 
species timber this country. Not only will this done for 
timber now use, but efforts will directed ascertaining the value 
for structural purposes timbers present not largely used, as, for 
example, the Western Hemlock and the Southern Gums. thorough 
series tests will made the timbers the Pacific Slope, particu- 
larly the Red Fir, otherwise called Oregon Pine Douglas Spruce, 
which now finding its way increasing quantities eastern markets. 
should appear that the work done the Southern Pines the 
Division Forestry during the years 1891-1896 has been sufficiently 
complete, the proposed tests will not cover these timbers. 

Experimentation will directed also advance the investiga- 
tion the effects different factors the testing processes the 
results, such speed application load, method moisture 
determination, the effect moisture, and volatile oils. 

The investigation the effect technological operations, such 
methods kiln drying, methods preserving timber, etc., will 
undertaken. 

determining the values the strength and stiffness various 
merchantable timbers, tests will made, both timber collected from 
the market and timber collected the forest. Full-sized sticks, 
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used construction, all cases tested under their appropri- 
ate loadings. 

Work present progress station California, the dif- 
ferent merchantable grades these full-sized timbers, such 
stringers and car sills collected the market. The locality origin 
the timbers determined, and full description each stick, 
well series photographs all six sides, made matter 
record. Full information the physical and mechanical properties 
the sticks under test will obtained. 

The investigation the effect various conditions forest growth 
the physical and mechanical properties timber will under- 
taken whenever the Bureau thoroughly prepared for this work. 

hoped that the discussion will take the need making 
timber tests from the standpoint the engineer. Suggestions are 
invited those particular matters which present most need 
investigation. also desired that discussion shall take place con- 
cerning the methods performing the tests, particularly the 
best method determining the moisture timber; and the best 
method determining the shearing strength timber. 

hoped that full criticism the former tests, both 
methods and content, will given. 

recognized that timber subject great number variables. 
From the botanical standpoint, the ideal method procedure would 
determine the properties the wood fiber each species repre- 
senting the normal growth straight-grained timber. With these 
standard values basis, inquiries could directed ascertain 
how much the values are affected such variables moisture, oil, 
speed test, imperfection structure due direction grain 
knots, rate growth, diseases the tree, technological processes 
such kiln drying preserving, forest conditions, region, and 
growth. would seem that the interests all, whether engineers, 
manufacturers, botanists, would consulted such method 
procedure. The particular series tests full-sized sticks market 
timber would form part this general scheme. 
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ACCESSIONS THE LIBRARY. 
From March 11th April 7th, 1903. 
DONATIONS.* 


STORAGE BATTERY ENGINEERING. 


Practical Treatise for Engineers. Lamar Lyndon, Assoc. 
Am. Inst. Cloth, ins., 382 pp., illus. New York, 
McGraw Publishing Company, 1903. $3.00. 


This book intended assist the practicing engineer designing, installing and 
maintaining battery equipments, and guide him the selection types batteries 
and auxiliary apparatus best suited the service which they are perform, and 
the same time impress upon the technical public, both the advantages and limitations 
the storage battery practice. Mathematics have been avoided far possible. 
The Osmotic and Thermodynamic theories the storage battery have not been dis- 
cussed, their comprehension requires more electro-chemical knowledge than the 
majority electrical engineers and this work intended practical 
engineers’ manual. The chapter headings are: General Theory the Storage Battery; 
General Requirements; Voltage and its Variation; Quantity and Distribution 
Active Material; Electrolyte; Quantity Electrolyte; Internal Discharge; 
the Influence Temperature; Capacity Variation; Internal Resistance; 
Efficiency; the Durability and Causes Deterioration; Diseases and_their 
Remedies; Care and Management; Types Planté Plates; Methods Planté 
Formation; Faure System; Applied Active Material Mixtures; and Sepa- 
rators; Containing Cells; Assembling and Installing; Testing; Miscellaneous Data. 
There index five pages. 


SPECIFICATIONS FOR ELECTRIC RAILWAY BRIDGES. 1902. 


Davis. Paper, 9x6ins.,8+48pp. Toledo, Davis, 
1902. cents. 


these specifications equivalent load has been used the author for the 
reason that the wheel base and wheel loads for electric railway cars vary such 
extent that seems useless task use different wheel load and wheel base for 
every line. The equivalent load used the same for any span length, and gives results 
reasonably close for any wheel base that now being used. There are nine general 
divisions, follows: General Descrivtion; Loads; Unit Stresses; Details Design; 
Shop Work; Field Work; Quality Material; Inspection; Maintenance. 


HEATING AND VENTILATING BUILDINGS. 


Manual for Engineers and Architects. Rolla Carpenter, 
Am. Soc. Fourth Edition, Revised and Enlarged. Cloth, 
ins., 562 pp., illus. New York, John Wiley Sons, 1903. 


The edition this work has been very largely re-written and considerable 
new matter added, the size the book, with the first edition, being 
increased nearly one-third. Three new chapters have been added: the 
fan blower for moving air, another the general subject mechanical systems 
heating and ventilating, and third schoolhouse heating andventilation. 
believed that the book its present form describes the latest improvements the art 
heating and ventilating. also gives directions for the construction and installation 
all the various sytems heating and ventilating now use. Nature 
and Properties Heat; Principles Ventilation; Amount Heat Required for 
Warming; Heat Given off from Radiating Surfaces; Pipe and Fittings Used Steam 
and Heating; Radiators and Heating Surfaces; Steam-Heating Boilers and 
Hot-Water Heaters: Settings and Methods Operating; Various Systems 
Piping; Design Steam and Hot-Water Systems; Heating with Exhaust Steam; Non- 
Gravity Return Systems; Heating with Hot Air; Mechanical Ventilators; Mechanical 
Systems Heating and Ventilating; Heating with Electricity; Temperature Regulators; 
Schoolhouse Warming and Ventilation; Specification Proposals and Business Sugges- 
tions; Appendix. There index twenty pages. 


Unless otherwise specified, vooks this list have been donated the Publishers. 
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DISINFECTION AND DISINFECTANTS. 


Practical Guide for Sanitarians, Health and Quarantine Officers, 


Rosenau. Cloth, ins., 353 pp., illus. Philadelphia, 
Blakiston’s Son Co., 1902. $2.00. 


The preface states that this book has been written with the hope that may help 
others who have battle with the infection the communicable diseases. The author 
has tried set down the results his experience gained sanitary work public- 
health character, both the field and the laborato has been his aim state the 
important form practical use disinfector. The subject has been 
considered from the standpoint the disinfectant used, the object disinfected, 
and the disease for which the disinfection done. considering any subject from 
three points view certain amount repetition unavoidable. The chapter head- 
ings are: Introduction; Physical Agents; Gaseous Disinfectants; Chemical Solutions; 
Insecticides Applied Disinfection Against the Insect-Borne Diseases; Disinfection 


Houses, Ships and Objects; Disinfection for the Communicable Diseases. There 
index seven pages. 


THE ELECTRIC TELEPHONE. 


Edwin Houston and Kennelly. Second Edition, En- 
larged. Cloth, ins., pp., illus. New York, Electrical 


World and Engineer, copyright 1902. $1.00. (Presented the 
McGraw Publishing Co.) 


The authors have prepared this little book the telephone, the hope 
those who are not trained electro-technics understand the main principles 
method operation the telephone systems to-day. Since the first edition much 
growth and development have taken place engineering and practice. The 
authors have added three new chapters upon recent subjects importance, and believe, 
that doing, the book will brought The chapter headings are: In- 
troductory; Elementary Acoustic Principles; The Telephone Receiver; The Microphone 
Transmitter; The Induction Coil; Call Bells and Batteries; Single-Circuit Connections; 
Multiple-Circuit Connections; Isolated-Station Switchboards; Multiple Switchboards; 
Telephonic Circuits; Long-Distance Telephony; Radiphony and Miscellaneous Applica- 


tions Electricity; Common-Battery Systems; Visual Signals; Loaded Telephone Cir- 
cuits. There index twenty-seven pages. 


THE ART ILLUMINATION. 


Louis Bell. Cloth, 339 pp., illus. New York, Mc- 
Graw Publishing Co., 1902. $2.50. 


The author states the preface that this volume study the utilization 
artificial light. intended deal, not with the problem distributing illuminants, 
but with their application, and treats the illuminants themselves only far 
knowledge their peculiarities necessary their intelligent use. compress the 
subject within reasonable bounds, has been necessary discuss general principles 
rather than concrete examples artificial lighting. The Contents are: Light and the 
Eye; Principles Color; Reflection and Diffusion; The Materials 
minants Combustion; The Materials Burners; The 
Electric Incandescent Lamp; The Electric Arc Lamp; Shades and Reflectors; Domestic 
Lighting Large Interiors; Street and Exterior Decorative 


and Scenic The the Future; Standards Light and Pho- 
tometry. There index five pages. 


RAILROAD CONSTRUCTION, THEORY AND PRACTICE. 


Text-Book for the Use Students Colleges and Technical 
Schools. Walter Loring Webb, Assoc. Am. Soc. Second 
Edition, Revised and Enlarged. Morocco, ins., 675 pp., 
illus. New York, John Wiley Sons, 1903. $5.00. 


The preface states that the inconvenience the octavo edition for field-work was 
found limiting the use the book. was therefore decided recast the whole 
work and reduce the page from pocket-book” size. Advantage was 
then taken the opportunity revise freely and add new matter. The 

rimary aim has been produce text-book for students, the subject-matter has 
been cut down that which may properly required students the 
time usually allotted railroad work civil-engineering curriculum. this 
account extended discussion has been given the multitudinous forms various 
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railroad devices the chapters structures. aim has been teach the prin- 
ciples and guide the students into proper methods investigation. The Contents 
are: Railroad Surveys; Alignment; Earthwork; Trestles; Tunnels; Culverts and 
Minor Bridges; Ballast; Ties and Other Forms Rail Support; Rails; Rail-Fastenings; 
Switches and Crossings; Miscellaneous Structures and Buildings; Yards and Ter- 
minals; Block Signaling; Rolling Stock; Train Resistance; Cost Railroads; The 
Promotion Railroad Projects; Operating Expenses; Distance; Curvature; Grade; 


Improvement Old Lines; Adjustments Instruments. There index twenty- 
three pages. 


BLACKWELL’S ISLAND BRIDGE THE CITY NEW YORK. 


Gustav Lindenthal. Paper, plates. New York, 
1903. (Donated the author.) 


SELF-PROPELLED VEHICLES. 


Practical Treatise the Theory, Construction, Operation, Care 
and Management All Forms Automobiles. James Homans. 


Cloth, ins., 626 pp., illus. New York, Theo. Audel Com- 
pany, 1902. $2.00. 


The preface states that the treatment throughout this work has been 
kept nearly possible the lines popularly called and the various 
theories and problems involved the construction and operation the prevailing 
types motor road carriages been stated clearly and possible, 
order that the involved situations may readily comprehended all readers. The 
fundamental principles the several types motor, particularly the gasoline 
engine, have been treated considerable length, order that the facts 
prehended their new relations. has been the author’s aim state and discuss the 
most important points this already immense subject, and treat only construc- 
tions that have been proven thoroughly practical. There index six pages. 


com- 


PHILOSOPHICAL ESSAY PROBABILITIES. 


Pierre Simon, Marquis Laplace. Translated from the Sixth 
French Edition Frederick Wilson Truscott and Frederick Lincoln 


John Wiley Sons, 1902. $2.00. 


This essay the development lecture probabilities which the author deliv- 
ered 1795 the normal schools whither had been called, decree the national 
convention, professor mathematics, with Lagrange. The author presents here, 
without the aid analysis, the principles and general results the theory proba- 
bilities, applying them the most important questions life. 


Gifts have also been received from the following: 


Am. Inst. Min. Engrs. pam. Columbus, Ohio—Water-Works Dept. 
Assoc. Parisienne des Propriétaires d’Ap- 


pam, 

pareils Vapeur. vol. Cumberland Valley Co. 

Binghamton, Y.—City Engr. Currier, C.G. 

Bond, Edward pam. Delaware HudsonCo. 

Boston, Mass.—City Auditor. Eng. Assoc. the South. pam. 

Boston, Mass.—Fire Dept. bound vol., Pub. Co. vol., vol., 
pam. 

Boston, Mass.—Street Dept. vol. Eng. Standards Committee. 

Brandon, Vt.—Town Officers. pam. Furber, William Copeland. pam. 

Brooklyn, Y.—Commr. Pub. Works. Glasgow South-Western Ry. Co. 


pam. Gloucester, Mass.—Water Commrs. 
Buck, Henry bound vol., pam. Grand Rapids Indiana Ry. Co. 
Burlington, Vt.—City Clerk. vol. 


Great Britain—Patent Office. vol., 
Burlington, Vt.—Water Dept. 
Cambridge, Mass.—City Clerk. bound Griggs, Julian. vol., pam. 


Hunt, Chas. Warren. pam. 
Canada—Chf. Engr. Rys. and Canals. Inst. Civ. Engrs. Ireland. vol. 


vol., pam. Jackson, pam. 
Canada—Tidal pam. Jenkins, Wm. Dunbar. pam. 
Chicago, St. Paul, Min 


Omaha Lansing. Ten Eyck. pam. 
Lawrence, ater Board. 1pam. 
pam. 
Manchester Steam Users’ Assoc. pam. 


Ry. Co. 


Colo.—Agri. Exper. Station. Lib. Cong. 
Colo.—State Engr. vol. 
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Mass.—Metropolitan Park Comm. bound 


ttle, A.S. phot. 
vol. 


Bureau Forestry. pam. 
Chattanooga National 

Military Park Comm. 

Chf. Engrs. pam., specif. 
Commr. Education. bound vol 

Geological Surv. bound vol., 


Merchants’ Assoc. New York. vol. 
Missouri Pacific Ry. Co. 

Northern Central Ry. Co. 


Olds, Clark. pam. 

Rafter, Geo. U.S. Nautical Almanac Office. bound 
Read, bound vol., pam. vol., pam. 


St. Paul, Minn.—Board Water Commrs. U.S. Weather pam. 
pam. Waltham, Mass.—Water Dept. pam. 
Switzerland—-Eidgen. hydrometrisches Bu- Wellington Harbour Board. pam. 
reau. vol. Western Ry. Club. bound vol. 


PURCHASE. 


Die Gleichstrommaschine, Theorie, Konstruktion, Berechnung, 
Untersuchung und Arbeitsweise derselben. Von Arnold. Vol. 
Berlin, Julius Springer, 1902. 


Hydraulic Power and Hydraulic Machinery. Henry Robinson, 
Inst. E., Second Edition, Revised and Enlarged. 
London, Charles Griffin and Company, Limited, 1893. 


New York, Longmans, ‘Green and Co.; London, Edward Ar- 
nold, 1902. 


The Steam Turbine. Robert Neilson, Assoc. 
Longmans, Green and Co., London, New York and Bombay, 1902. 


The Thermodynamics Heat-Engines. Reeve. New 
York, The Macmillan Company; London, Macmillan Co., Ltd., 
1903. 


Die Geschichte des Eisens technischer und kulturgeschicht- 
licher Beziehung. Von Dr. Ludwig Beck. Vol. Pt. Braun- 
schweig, Friedrich Vieweg, 1903. 


Rand, McNally Co.’s Indexed Atlas the World. 
2vol. Rand, McNally Company, Chicago, 
New York, London, Berlin, copyright 1902. 


The New Volumes the Encyclopedia Britannica, constituting, 
combination with the existing Volumes the Ninth Edition, the 
Tenth Edition that Work, and also Supplying New, Distinctive, 
and Independent Library Reference Dealing with Recent Events 
and Developments. Vols. Ito VII, Forming Vols. XXVto XXXI 
the Complete Work. Adam and Charles Black, London and Edin- 
burgh, The Encyclopedia Britannica Company, New York, 1902. 


Controle des Chemin Fer des Tramways. Par Jean 
Ruelle. Paris, Vve. Ch. Dunod, 1903. 


The Trans-Siberian Route; or, Notes Journey from Peking 
New York 1902. Clarence Cary. New York, The Evening Post 
Job Printing House, 1902. 


‘ 
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Trace Terrassements. Tracé par Frick; Terrassements par 
Canaud. Paris, Vve. Ch. Dunod, 1903. 


Calcareous Cements: Their Nature and Uses, with some Obser- 
vations upon Cement Testing. Gilbert Redgrave, Assoc. Inst. 
London, Charles Griffin and Company, Limited, 1895. 


Slow Burning Mill Construction. Report No. the Insur- 
ance Engineering Experiment Station. Boston, 1902. 


SUMMARY ACCESSIONS. 
From March 11th April 7th, 1903. 


Donations (including 355 886 
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MEMBERSHIP. 


ADDITIONS. 


MEMBERS. 


Brown, Lamont. Chf. Engr., St. Val. Ry., Room 
370 St. Nicholas Ave., New York 
Eno, Harvey. Assoc. Prof. Civ. Eng., Hall, 
Ohio State Univ., Columbus, Ohio.. 
Foss, Frep Prof. Civ. Eng., Pennsylvania State 
Morris. Filtration Engr., City Jun. 
Pittsburg; Civ. and Cons. Engr. (Chapin Assoc. 
Knowles), 1017 Frick Bldg., Pittsburg, Pa.. 
Henry Chf. Engr., Pitts., Bessemer 
and West. Allegheny R., Greenville, 
Ft. Whitehall St., New York 
Chf. Engr., Towns- Jun. 
end, Reed Co., Ry. Builders, 1208 Assoc. 
son Bldg., Indianapolis, Ind.............. 


ASSOCIATE MEMBERS. 

Hoyt. Engr., Southern Expanded Metal 

Park Row (Res., 527 West End Ave.), New 
York City 

225 West 33d St., New York City Assoc. 

Lewis Custom House, Chattanooga, 

Imperial Government Ry., 

Ney. Vice.Pres.and Phila. Mgr., Am. 


(Res., 7236 Ridge Ave., Roxborough), 


JUNIORS. 


CLAUSNITZER, JOHN. Engr. Insp., Dept. Highways, Brook- 
lyn, 157 East 21st St., New York City..... 
Harps, Harry Macy. Asst. Bridge Engr., Mason City Fort 
Dodge R.. Fort Dodge, Iowa 


Date 
Membership. 


April 
April 
Mar. 


Feb. 


1903 
1903 
1903 
1903 
1903 
1892 
1896 
1903 
1903 
1903 
1897 


1900 
1903 


1903 


1898 
1903 


1900 
1902 


1903 


1903 


1903 


1903 
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April 
Oct. 
Jan. 
April 
April 
April 
Feb. 
April 
April 
April 
April 
Oct. 
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Date 
West 133d St., New York 
James Henry. Box 99, Fort Dodge, Mar. 31, 1903 


Asst. Engr., Rapid Transit Sub- 

way Constr. Co., 1913 Amsterdam Ave., New YorkCity Mar. 1903 
Lyman. The Owl’s Nest, Cape Sept. 1902 
Ezra Fuller Bldg., New York City... Feb. 1903 


CHANGES 


MEMBERS. 


PETER CHRISTIAN......... and Civ. Engr., 
N., 1517 Rhode Island Ave., Wash- 
ington, 

205 Goethe St., Chicago, 

Maj., Corps Engrs., U.S. A., Care, 
Isthmian Canal Comm., Corcoran 
Bldg., Washington, 


nut Sts., Cincinnati, 

CAPPELEN, FREDERICK Cons. Engr., 610 Globe Bldg., Minne- 
apolis, Minn. 

Coomss, STEPHEN ELBRIDGE............ Room 512, Grand Central Station, 
New York City. 

Davis, CHANDLER...... West 34th St., New York City. 

Montgomery St., San Francisco, 
Cal. 

CHARLES Engr., Geological Survey, 3062 

FREDERICK CoLLAMORE..... Care, Geo. Good Co., Room .27, 
Railroad Bldg., Denver, Colo. 

Louisa, Lawrence Co., Ky. 

Manila, Philippine Islands. 

Pres., The Lowrie Safe Lock Co., 


1106 Fuller Bldg., Fifth Ave. and 
Broadway, New York City. 


Engr. Office, Rock Island, 

McCormick, Roadmaster, A., Ry., Blue 
Ridge, Ga. 

Maxim, Care, Reginald Crosse, Lancaster 


Strand, London, England, 
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Chicago St. Louis, 1115 Mon- 
roe St., Peoria, 
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Epwin National Bank Bldg., Pitts- 
burg, Pa. 
Ave. and 184th St., New York 
City. 
cago, 
CARLETON WILLIAM........ Engr. with the Atlantic, Gulf 
Pacific Co., Box 607, Mobile, Ala. 
Forrest Bldg., San Francisco, Cal. 
Delaware St., Room 401, Kansas 
City, Mo. 
JOHN Asst. Engr., Waterway from 
ing Co., Broadway, New York 
City. 


ASSOCIATE MEMBERS. 

Asst. Engr., Dept. Highways (Res., 
2721 Bainbridge Bedford 
Park), New York City. 


CLARKE Mgr. and Chf. Engr., Kimberly 
Run Coal Co., Somerset, Pa. 
JOHN WHITFIELD......... Mgr., James Stewart Co., 


Engrs. and Contrs., Savoy Hotel, 
Strand, London, England. 
JoHN HERBERT...... Engr., Comm. Additional 
Water Supply, 2023 Park Row 
New York City. 
Ry. Co., 192 Fullerton 
Chicago, 
New York City. 
Frank ARNOLD........ Eng. Dept., Am. Bridge Co., 51st and 
Butler Sts. (Res., Mawhinney St.), 
Pittsburg, Pa. 


Box 180, Cleveland, Ohio. 
DICKINSON............ Asst. Engr., New York Water Supply 

Comm., Room 1819, Park Row 

Bldg., New York City. 
Datus........ Frodingham, Iron Steel 


Works, Frodingham, near Doncas- 
ter, England. 
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ALFRED...... Church Capetown, South 
Africa. 

Van Taber Opera House Blk., Denver, 
Colo. 

Engr.,U. N., Mare Island Navy 
Yard, Cal. 

GEORGE FREEMAN............. Asst. Engr., Susquehanna Canal 


Power Co., 1402 Continental Trust 
Baltimore, Md. 

WILLIAM FREDERICK.........Care, Hardin, Engr., W., 
Ave., New York City. 


CHARLES ELIPHALET............. West New Brighton, 
Guy BENNETT... .... Civ. Engr. and Contr., 352 West 115th 
St., New York City. 
ASSOCIATES. 
Quincy, CHARLES Pres., Railway Appliances Co., 


Old Colony Bldg., Chicago, 


JUNIORS. 
RoBERT East 50th St., New York City. 
WALLACE Falls Power Co., Niagara 
Falls, 


Sec. Div., Astor Pl. (Res., 
584 Lenox Ave.), New York City. 


Day, ARTHUR 149 West 44th St., New York City. 
Fla. 
and Gen. Mgr., Peoria Pekin 
Union Ry. Co., Peoria, 


Vanderbilt Ave., New York City. 
Cons. Engr., Fulton St., New York 
City. 
Henry Draftsman, Phil. Rap. Trans. Co., 
134 North 50th St., Philadelphia, 
ARTHUR Bureau Eng., Finance Dept., 
280 Broadway, New York City. 


HEBARD...... 
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RESIGNATIONS, 
MEMBERS. 
Date 
Resignation. 
JUNIORS 
DEATHS. 
CHARLES ANDREWS.......... Elected Member, October 2d, 1901; 
died March 2d, 1903. 
Junior, January 3d, 1895; 


Associate Member, September 5th, 
1900; died March 4th, 1903. 

Elected Fellow, May 10th, 1870; died 
Feb. 17th, 1903. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(March 11th April 7th, 1903.) 
This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 


any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possibie. 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


fixed each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St., Philadelphia, Pa., 30c. 

(2) Proceedings, Eng. Club Phila., 1122 
Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Inst., Philadel- 
Pa., 50c. 

(4) Journal, Western Soc. Engrs., Mo- 
nadnock Block, Chicago, 

(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Canada. 

(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 

(7) Technology Quarterly, Mass. Inst. 
Tech., Boston, Mass., 75c. 

(8) Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 

(9) Engineering Magazine, New York 
City, 


(10) Magazine, New York City, 


(11) Engineering (London), Wiley, 
New York City, 25c. 

(12) The Engineer (London), International 
News Co., New York 

(13) New York City, 


(14) The Engineering Record, New York 
City, 


Gazette, New York City, 


(16) Engineering and Mining Journal, 
New York City, 15c. 

(17) Street Railway Journal, New York 
City, 

(18) Railway and Engineering Review, 
Chicago, 

(19) Scientific American Supplement, New 
York City, 

(20) Iron Age, New York City, 

(21) Engineer, London, 

(22) and Coal Trades Review, Lon- 
don, England, 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

(24) American Gas Light Journal, New 
York City, 

Engineer, New York City, 


Eng- 


(26) Electrical Review, London, England. 

(27) Electrical World and Engineer, New 
York City, 

Assoc., Boston, $1. 

(29) Journal, Society Arts, London, 
Engiand, 

(30) Annales des Travaux Publics 
Brussels, 

(a1) Annales del’ Assoc. des Ing. Sortis 
des Ecole Spéciales Gand, Brus- 
sels, Beigium. 


(32) Mémoires Compte Rendu des Tra- 
vaux, Soc. Ing. Civ. France, 
Paris, 

(33) Génie France. 

(34) Portefeuille Economique des Ma- 
chines, Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Technique, Paris, France. 

(37) Revue Mécanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 

(40) Railway Age, Chicago, 10c. 

(41) Modern Machinery ,Chicago, 

(42) Transactions, Am.Inst. Elec. Engrs., 
New York City, 50c. 

(43) Annales des Ponts Chaussées, 

Paris, France. 

(44) Journal, Military Service Institu- 
tion, Governor’s Island, New York 
Harbor, 50c. 

(48) and Minerals, Scranton, Pa., 


(46) American, New York City, 


(47) Mechanical Engineer, Manchester, 
England. 

(54) Transactions, Am. Soc. E., New 
York City, $5. 

(55) Transactions, Am. Soc. E., New 
York City, $10. 

(56) Transactions, Am. Inst. Min. Engrs., 
New York City, $5. 

(57) Colliery Guardian, London, England. 

(58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, Pa., 

(59) Transactions, Mining Inst. Scot- 
land, London and Newcastle-upon- 
Tyne. 

(60) Engineering, Indianap- 
olis, Ind., 25c. 

(61) Proceedings, Western Railway Club, 
225 Dearborn St., Chicago, 

(62) American Manufacturer and Iron 
World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. E., 
London, England. 

(64) Power, New York City, 20c. 

(65) Official Proceedings, New York Rail- 
road Club, Brooklyn, Y., 

Journal Gas Lighting, London, 
England, 15c. 

(67) Cement and Engineering News, Chi- 
cago, 

(68) Mining Journal, London, England. 
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LIST ARTICLES. 
Bridge. 


Electric Railway Bridges. Wilbur Watson. (1) Jan. 
Comparison Between Eye-Bar Chains and Wire Cables for Suspension Bridges. Wil- 
helm Hildenbrand, Am. (13) Mar. 12. 
Report Special Commission Engineers the Plans for the Manhattan Bridge New 
York City. (13) Mar 12; (14) ar. 
Railwa Reinforced Concrete.* Wm. Allen, Assoc. Am. 
Soc. (13) Mar. 12. 
The Erection the Miramichi Bridge.* (14) Mar. 14. 
Arch Bridge Construction the C., St. Ry.* (18) Mar. 14. 
Completion the Floor the New East River Bridge.* (46) Mar. 14. 
Novel Plan for Removing Bridge.* (40) Mar. 20. 
The Chicago Great Western and the Fort Dodge (40) Mar. 20. 
River Bridge the Pennsylvania Railroad Trenton, J.* (40) 
ar. 20. 
Arch Bridge the Chicago, Milwaukee St. Paul Ry. Watertown, Wis.* (13) 


ar. 26. 
Valley Viaduct the New York Rapid Transit Railroad.* (14) 


ar. 28. 
Viaduc Kinzua (Etats-Unis).* (35) Mar. 


Electrical. 


Drive: Discussion.* W.A. Layman, Cooper, Ferdinand Schwedtmann. 

(1) Jan. 

Some Interesting Experiences Connected with the Manipulation and Installation 
Cables. (58) Jan. 

The Evolution the Telephone Switchboard. Thomas Lockwood. (42) Feb. 

Automatic Telephone Operator. William Hammer. (42) Feb. 

Electrically Driven Shops. (65) Feb. 

The Largest Power Plant New Hampshire (Amoskeag Mfg. Co.).* (27) Feb. 28. 

Some Engineering Features the Bedell System Composite Transmission.* 
McAllister. (27) Feb. 28. 

Radiant Efficiency the Mercury Arc. (27) Feb. 28. 

Annual Report the Public Lighting Commission, Detroit, 

ich. (27) Feb. 28. 

Study the Phenomenon Resonance Electric Circuits the Aid Oscillo- 
grams. Field. (Abstract paper read before the Glasgow Section, Inst. 
Elec. Engrs.) (26) Serial beginning Mar. 

The Joint Transmission Differing Currents. Frederick Bedell. (Abstract paper 
read before the Elec. Soc. Cornell Univ.) (26) Mar. 

The Electric Lighting Eastbourne.* (26) Mar. 13. 

paper read before the Newcastle Local Section, Inst. Elec. Engrs.) (26) 

ar. 13. 
27) Mar. 14. 

Electricity Motive Power Mechanical Flight.* Byard Collins. (27) Mar. 14. 

The Heyland Induction Motor. Boy (27) Serial beginning Mar. 14. 

High Temperature Notes Experimental and Technical Electric 
before the Inst. Elec. Engrs.) (19) Serial beginning Mar. 14. 

Electricity Works.* (26) Mar. 20. 

Test the National (18) Mar. 21. 

Bull’s Selective System Wireless Telegraphy.* Frederick Collins. (46) Mar. 21. 

The Testing Recording Wattmeters the Consumer’s Premises Means 
Specially Constructed Portable Test Meter. W.J. Mowbray. (27) Mar. 21. 

Notable Invention Rapid Telegraphy. Hitchcock. (27) Mar. 21. 

Formal Opening the Frontier Independent Telephone Exchange, Buffalo, Y.* 
Frank Perkins. (27) Mar. 21. 

Gas Engines. Sir David Salomons, Bart. (26) Serial beginning 

ar. 27. 

The Principles New Method Electric Lighting. Paul Hoho. (27) Mar. 28. 

The Induction Coil. James (27) Mar. 28. 

The Development and Use the Smail Electric Motor.* Fred. Kimball. (9) Apr. 

Alternating Current for Light and Power. Chas. Scott, Pres. Am. Inst. (10) 


Apr. 

Electrical Developments Russia.* Thomas Heenan. (10) Apr. 

Power Test Electrically-Driven Shaper.* (25) Apr. 

Motor-Driven Machine Tools.* (25) Apr. 

The Application Individual Motor Drives Old Machine Tools; McKees Rocks Shops, 
Pittsburg Lake Erie Wright. (25) Seriai beginning 

Fonctionnement sur les Réseaux Traction. aurice Sou- 
brier. (36) Serial beginning Feb. 25. 

Usine des Cétes Sassenage (Isére).* Maduit. (33) Mar. 
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Marine. 


Changes the Armament Warships. (12) Mar. 

Multitubular Marine Boilers and Their Features.* William Fowler. (47) Mar. 14. 

Types Marine Boilers.* William Fowler. (47) Serial beginning 
ar. 28. 


Gear for Naval Guns and Gunnery Signaling Apparatus.* (46) 
ar. 28. 


Mechanical. 
Abatement the Smoke Nuisance.* Report. Committee, Engineers’ Society 
Western New York. (1) Jan. 


Notes the Design Riveter Yokes.* Chester Albree. (58) Jan. 

The Theory Operation the Gasoline Engine.* Oliver. (1) Feb. 

Electrically Driven Shops. (65) Feb. 

The Largest Power Plant New Hampshire (Amoskeag Mfg. Co.).* (27) Feb. 28. 

Economy the Use Coal for the Production Power. Hollis. (28) Mar. 

Waste Heat Engines. Miller. (28) Mar. 

Cranes for Railroad Shops.* Brandon. (39) Mar. 

Standard Specifications for Cast-Iron Pipe and Special Castings.* New England Water- 
Works Assoc. (28) Mar. 

Inauguration the New Gas-Works Granton (Edinburgh).* (66) Mar. 


The Coke Plant the Smethwick Gas-Works; Gravity Bucket Conveyor for Feeding 
Water-Gas Plant.* (66) Mar. 


The Fischer Air-Gas System.* (66) Mar. 

Calorimetry Gaseous and Liquid Fuels. Garnet Wernham. 
Paper read before the Junior Inst. Engrs.) (66) Mar. 

The Palace Motor-Car Show.* Mar. 

Indicating High-Speed Steam Engines.* Marshall Arter, (12) Mar. 

Gas Engines with Recent Improvements.* James Atkinson. (Paper read before the 
Manchester Assoc. Engrs.) Mar. 

Combined Oil-Carburetted and Blue Water-Gas Plant Smethwick.* (66) Mar. 10. 

Tar Fog.* William Everitt. (Paper read before the Manchester District Inst. Gas 
Engrs.) (66) Mar. 10. 

The Donora Plant (Union Steel Co.). (20) Mar. 12. 

Large Stop Valves for High Pressure Steam. Hamilton Gibson. (62) Mar. 12. 

The Petavel-Kingsmill Recording Pressure Gauge.* (11) Mar. 13. 

New Steam Motor Car.* (12) Mar. 13. 

The Works the Wellman-Seaver-Morgan Engineering Company.* (22) Mar. 

Central Station Gas Engines.* Williams. (Paper before the Wisconsin Gas 
Assoc.) (24) Mar. 16. 

Hydraulic Experiments Plunger Pump.* John Goodman. 
Inst. Mech. Engrs.) (62) Serial beginning Mar. 19. 

Modern Coke Oven.* (22) Mar. 20. 

Pneumatic Tools and Appliances.* Ewart Amos. (47) Mar. 21. 

Industrial Utilization Smoke.* Emile Guarini. (19) Mar. 21. 

The Cold Storage Plant the Cornell Medical College.* (14) Mar. 21. 


Brouwer Bruges; New Charging Machine Original Design.* (66) 
ar. 24. 


Dellwik Water-Gas and Peebles Oil-Gas Plant Cleethorpes.* (66) 
Mar. 


Method Calculating the Range Speed Obtained from Pair Equal Cones. 
Frank Kleinhaus. (13) Mar. 26. 

Some Recent Tests Mechanical Stokers. Hutchinson. (13) Mar. 26. 

Squandering Coal. Egbert Watson. (20) Mar. 26. 

The Thornycroft Steam Wagon.* Mar. 27. 

Petroleum Incandescent Lig ting.* Arthur Kitson. (29) Mar. 27. 

The Grinding Machine and Some Tools. Darbyshire. (12) Serial beginning Mar. 27. 

The Modern Continuous Rolling Mill.* (22) Mar. 27. 

Gas Engines. Sir David Salomons, Bart. (26) Serial beginning 
Mar. 27. 

The United States Navy Experiments Oil Fuel.* (47) Mar. 28. 

Industrial Plant Aerial mway. (14) Mar. 28. 

The Development the Gas Distributing System the Suburban Gas and Electric 
Company Revere and Mass. (24) Mar. 

Gas for Industrial Purposes. James Walker. (24) Mar. 30. 

Utilizing Air Pump Exhaust. Ben Johnson. (Paper presented before the Railway 
Club Mexico.) (39) 

New Internal Combustion Engine.* (41) Apr. 

The Modern Plant; Practical Directions and Suggestions Concerning Its Design and Op- 
eration Order Secure the Best Results.* Wakeman. (41) Apr. 

The Diesel Engine.* (64) Apr. 

Gas Engines the Dusseldorf sition.* (64) Apr. 

Belting and Pulley Chart.* A.G. Holman. (64) Apr. 

Hints the Design and Construction Shaft Governors.* Risley. (64) Apr. 

Producer Gas and Gas Engines. (64) Apr. 

The Governor.* 


64) 
Metal Cutting with the New Tool Steels. Oberlin Smith. (9) Apr. 


(Extracts from 


(Paper read before the 
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Mechanical— (Continued). 


The Application Individual Motor Drives Old Machine Tools; McKees Rocks Shops, 
Pittsburg Lake Erie Wright. (25) Serial beginning Apr. 

Motor Driven Machine Tools.* (25) Apr. 

The New Blond Milling Machine.* (20) Apr. 

The Berg Boiler Feed Regulator.* (62) Apr. 

The Rotary Kiln Adjunct the Blast Furnace. (62) Apr. 

Notes High Pressure Distribution Learned. (24) Apr. 

Les Nouveautés Automobile.* Miral. (36) Serial beginning Feb. 25. 

Les Condensations Centrales.* (36) Serial beginning Feb. 25. 

Conditions des Anneaux Piston des Machines Vapeur.* 
Déthiollaz. (36) Mar. 10. 

Industriel: Eclairage par Incandescence.* (36) Mar. 25. 


Metallurgical. 


Study the Relations between the Microstructure, the Heat Treatment, and the 
Properties Axle Steel.* Henry Fay, Higgins, and Coburn. 
(7) Mar. 

The Use High Sulphur Fuels Blast Furnaces. (20) Mar. 12. 

The Production Iron and Steel.* (12) Mar. 13. 

Melting Steel with Cast Iron. Cunningham. (Paper read before the New England 
Foundrymen’s Assoc.) (20) Mar. 19: (13) Apr. 

Cyanide Process with Anhydrous Peroxide Carium. Eugen Schilz. (68) Mar. 21. 

Width Furnace Relative Tonnage Copper Matte Blast Furnace Practice. 
Randolph Van Liew. (16) Mar. 21. 

Blast Furnace and Ironworks Cette. (12) Mar. 27. 

Strength White-Iron Castings Influenced Heat-Treatment. A.E. Outerbridge, 
Jr. (Read before the Amer. Soc. for Testing Materials.) (3) 

Etat Actuel des Industries Fer d’Acier dans les Provinces Rhin West- 
phalie.* AlexandreGouvy. (32) Jan 


Fonte par Procédé Talbot Frodingham (Angleterre). (33) 
Mar. 


Mining. 


Copper Mining Upper Michigan.* J.F. Jackson. (4) Feb. 
Recent Developments Safety Lamps. William Best. (Paper read before the South 
Staffordshire and East Worcestershire Inst. Min. Engrs.) (57) 
the Conditions Working Collieries Germany. (22) Serial beginning 
Mar. 

Rise and Progress Coal Mining the United Kingdom. Redmayne. Serial 
beginning Mar. 

The Cost Pumping the Short Mountain Colliery the Lykens Valley Coal Com- 
pany. Norris, Am. Inst. (13) Mar. 12. 

Cost Shaft Sinking and Drifting the Lincoln Gold Mine, California. Mar. 19. 

The Mechanical Engineering Modern Collieries. William Bardill. far. 20. 

Recent Mining and Milling Costs and Methods the Mother Lode, California.* Frank 

The Theory Miss-Fires. Serial beginning Mar. 27. 

Shaft Linings.* (57) Mar. 27. 

Electricity Modern Mining Drainage Installations.* Frank Perkins. (46) Mar. 28. 

The [ron Ore Mines Biscay.* Bennett Brough. (10) Apr. 

Water Hoisting the Pennsylvania Anthracite Regions.* (45) Apr. 

Electrical Apparatus for Coal Mining. (45) Apr. 

Hoisting from Great Robert Peele. (16) Apr. 


Parral, Burr and Cates. (16) Serial beginning. 
Mar. 


Les Charbonnages Tonkin.* Schiff. (33) Mar. 14. 
Miscellaneous. 


The Metric System. (1) Feb. 

Recording Unit Costs Contract Work. Emile Low, Am. Soc. (13) Mar, 26. 

Etat Actuel des Industries Fer d’Acier dans les Provinces Rhin 
Westphalie.* Alexandre Gouvy. (32) Jan. 

Municipal. 


The Gorter Water Tower (Fire Service).* H.J. Bennet. (46) Mar. 
Conditions New York City and Proposed Municipal Plant. (13) 
ar. 20). 


The Comparative Cost Street Lighting Various Cities. (14) Mar. 21. 
Methods and Results Rochester, New York.* (60) Apr. 
Some Modern Appliances for Life Saving Fires.* (46) Apr. 


Railroad. 
Diversity Practice General Engineering American Railways.* Archibald 
Schenck. (4) Feb. 


The Chicago North-Western Railway Method Purifying Water for 
Locomotive Boilers.* Davidson. (61) Feb. 
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Railroad—(Continued). 


Locomotive Front Ends; Piston Valves; Steam and Air Line Connections. (Discussions 
meeting New York Club.) (65) Feb. 

Heavy Freight Locomotive, Chicago, Burlington Quincy Railroad.* (39) Mar. 

Three Cylinder Ten- Wheels Tank Great Eastern Railway.* (21) Mar. 

Railway Trestle with Bents Reinforced Concrete.* Wm. Allen, Assoc. Am, 
Soc. (13) Mar. 12. 

Electric the Lake Shore-Rock Island Terminal.* (15) Mar. 13. 

the Pennsylvania Whinery. (15) Serial beginning 

ar. 13. 

Railroad Shops.* Walter Berg. (15) Serial beginning Mar. 

Express Locomotive, Midland Railway.* (12) Mar. 13. 

New Yard Design.* W.C. Cushing. (15) Mar. 13. 

The Rail Girder.* Dudley. (15) Mar. 13. 

New Chicago-St. Louis Line.* (15) Mar. 13. 

Goodwin Cars Work.* (15) Mar. 13. 

Tests and Inspection Cast-Iron Wheels. Gennet, Jr. (15) Mar. 13. 

Compound Locomotive for the Midland Railway England.* (40) 

ar. 13. 

The Purification Feed Water. J.B. Greer. Paper read before the Ry. 
Club Pittsburg.) (40) Mar. 

Methods for Difficult Subaqueous Tunneling.* (14) Serial beginning Mar. 


The Third Rail the Baltimore Ohio.* W.D. Young. (17) Mar. 14. 

The Mansfield Semaphore Switch Stand.* (18) Mar. 14. 

Water Softening Plant for the Buffalo, Rochester Pittsburg Ry.* (18) Mar. 14. 
Heavy Wheel Loads Track and Reduced Cost Moving Traffic.* (18) Mar. 


14. 

Methods Surfacing Concrete Culverts; New York Central Hudson River R., 
Pennsylvania Division.* George Lee, Jun. Am. Soc. (13) Mar. 19. 

Experience with the Per Diem Car Service Rules. George (Extracts from 
paper read before the Richmond Club.) (15) Mar. 20. 

New Lackawanna Car-Shops; Tool and Power Equipment. (15) Mar. 20. 

The St. Louis Terminal Improvements.* (15) Mar. 20. 

Chicago Alton Water Supply.* (40) Mar. 20. 

The Kansas City, Mexico Orient Railway Enterprise.* (40) Mar. 20. 

Relocation the Chicago, Burlington Quincy Western (40) Mar. 20. 

Preventing Highway Crossing Accidents.* Vogel. (40) Mar. 20. 

The Pennsylvania Low-Grade Line and (40) Mar. 20. 

Engineering and Construction the St. Louis, Kansas City Colorado Railroad.* 
Campbell, Am. Soc. (40) Mar. 20. 

Pennsylvania Track Elevation Wilmington, Delaware.* (40) Mar. 20. 

The New Rock Island—Lake Shore Passenger Station Mar. 20. 

Track Modern Equipment and High Speeds. Dudley. (40) Mar. 

and Interlocking.* (Report the Committee the Amer. Ry. Eng. and 

Assoc.) (40 ar. 20; Abstract. (15) March. 27.; Abstract (18) Mar. 21. 
(Report the Committee the Amer. Ry. Eng. and Assoc.) (40) 


Track. (Report Committee the Amer. Ry. Eng. and Assoc.) (40) Mar. 
20; Abstract (18) Mar. 21. 

Signs, Fences, Crossings and Cattle-Guards.* (Report Committee the Amer. Ry. 
Eng. and Assoc.) Mar. 20. 

Yards and Terminals. (Report Committee the Amer. Ry. Eng. and 

Assoc.) (40) Mar. 20. 

Ties. (Report Committee the Amer. Ry. Eng. and Assoc.) (40) 20; 
Abstract (18) Mar. 21. 

Power Equipment the Pennsylvania Union Station, Pittsburg.* (14) Mar. 21. 

Northern Ohio Interurban Lines.* (17) Mar. 21. 

French Compound Express Passenger Engine.* Mar. 21. 

Locomotives for the Mediterranean Railway. (11) 27. 

Atlantic Locomotive for Pennsylvania Lines.* (40) Mar. 27. 

Railway Practice. (Extract from Report Lt.-Col. Yorke.) 


Interlocking Plant for the St. Louis Union Station.* (18) 


Heavy Passenger Locomotives, Chicago Alton Railway.* (39) Apr. 

Topeka Shops the Atchison, Topeka Santa Railway.* (39) Apr; (13) Apr. 

Railroad Shop Tools. Charles Fritch. (39) Serial beginning Apr. 

Electric Traction Steam Railways. Alton Adams. (10) Apr. 

The Application Individual Motor Drives Old Machine Tools; McKees Rocks Shops, 
Pittsburg Lake Erie R.* Wright. (25) Serial beginning Apr. 

Experimental Tandem Compound Freight Locomotive, 2-8-0 Type, New York Central 
Hudson River Railroad.* (25) Apr. 

New Locomotive, Pennsylvania Lines West Pittsburg, 4-4-2 Type.* (25) 


pr. 
Improved Treatment Cast Iron Car Wheels. Seeley. (25) Apr. 
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Railroad—(Continued). 
Car Side Bearings and Center Plates; Pittsburg Lake Erie. (25 


Apr. 
Tunnel Michel Creek Loop, Crow’s Nest Pass Line, Canadian Pacific Ry.* 


Apr. 
The (for Prevention Collisions). Charles Hansel, (13) 
r. 

Pockets for the Lehigh Valley R., Newark, J.* Walter Berg, 
Am. (13) Apr. (18) Apr. (40) Apr. 

Mikado (2-8-2) Compounds for the Atchison.* (15) 

Water and Rail Terminals. (Extract from Report Committee Amer. Ry. Eng. and 

Low Pressure Power Interlocking Salisbury, England.* Apr. 

Drainage English Railroads. Edward Davy Pain, Student, (15) Apr. 

Automatic Signal Location. (40) Apr. 

Four-Cylinder Simple Locomotive, Great Northern Railway England.* (40) Apr. 

Steel Cars Without Center Sills.* (40) Apr. 

Labor-Saving Tools the Baltimore Repair Shops.* (17) Apr. 

Electric Track Welding.* Waldon (46) Apr. 

The Distinction between Repairs and Improvements, and Proposed Classification 
Railroad Maintenance Way Expenses. Apr. 

Electrification the Cincinnati, Georgetown Portsmouth R.* (18) Apr. 

Heavy Passenger Locomotives for the Chicago and Alton Railway.* (18) Apr. 

Wagon Compagnie Huet. (38) Mar. 

Procédé Calcul Par Addition Permettant Modifier Tracé 
Voies Vue une Variation Continue Rayon Courbure, Quels Que 
les Obstacles Points Commandés, Proposé par Pierre 

Fort. (38) Mar. 

Type des Chemins Fer Badois. Barbier. (33) 

Mar. 14. 


Saboter les Traverses Chemins Fer, Cochet Fréres.* (33) 


Permanente des Trains Marche.* Dieudonné. (36) 
Mar, 20. 


Railroad, Street. 
Urban and Inter-Urban Locomotion America. Robert Porter. (11) Serial be- 
ginning Mar. 13. 
Safety Devices for Tramway Trolley Wires. Donald Smeaton Munro, (26) 
beginning Mar. 13. 


Improved Methods for Difficult Subaqueous Tunneling.* (14) Serial beginning Mar. 14. 
Block Signals Elevated Kailway (Boston Elev. Ry.). (14) Mar. 14. 
Car House Construction.* (17) Mar. 14. 


Controllers and Motors Used the New York Subway.* (17) 
ar. 


Brooklyn Rapid Transit Mar. 20; Mar. 21. 

Westinghouse Motors for the Rapid Transit Subway, New York.* (17) Mar. 21; (62) 
Mar. 26; (40) Mar. 27; (18) Mar. 28. 

Test Subway Motors. (17) Mar. 21. 

Some Interesting Work the Brooklyn Elevated.* (17) Mar. 21. 

Electric (High-Speed) Inter-Urban Railways. Yorke. (Abstract from report 
the Bd. Trade visit America.) (47) Mar. 21. 

The Schuckert Surface Contact Tramway System. (11) Mar. 27. 

The Manhattan Valley Viaduct the New York Transit Railroad.* (14) Mar. 28. 


Rapid Transit System.* Wheatly. (17) Serial beginning 
ar, 28. 


Snow Fighting Buffalo (International Ry. Co.).* (17) Mar. 28. 

Motor Equipment for New York Subway Cars.* (39 

The Electrification the Mersey Railway.* (17) Apr. 

Interurban Railway near Hamburg, Germany.* (17) Apr. 

Automotrice Vapeur, Purrey pour Tramways Chemins Fer. 
Pierre-Guédon. (33) Feb. 28. 

Sanitary. 


Detroit Sewer System. King. (1) Jan. 


Ventilating and Heating the Cornell Medical Building.* (14) Mar. 14. 
Efficient Sewer Cleaning Device. (14) Mar. 28. 


Heating Surface Connection with Fan System Heating. (14) 


ar. 28. 

Floating Disinfecting Stations.* Day Allen Willey. (10) Apr. 

Concrete Sewers.* Walter (60) Apr. 

Further Experiments with Closed Septic Tank Worcester, Mass. (13) 


Apr. 
Ventilating and Heating the Palace the Crown Prince Japan.* (14) Apr. 


and Distribution the Corn Exchange Bank Building, New York.* 
14) Apr. 
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Structural. 


Comparison Various Tests Applied Paints Used for the Protection Iron. 
Augustus Gill and Charles Johnson. (7) Mar. 

Armored Concrete Constructions.* Lee Heidenreich, Am. Inst. Min. Engrs. (67) 
Serial beginning Mar. 

Uniform Tests Cement. (From Progress Report Special Committee the Am. 
Soc. Civ. (67) Mar. 

Tests the Relation between Cross Bending and Direct Compressive Strength 
Timber. Clarence Martin. (15) Mar. 


Studies the Causes Brittleness Ch. Fremont. (15) 
ar. 18. 


Hydrated Lime and Cement Mixtures. (14) Mar. 14. 

High Concrete Chimney for the Pacific Electric Railway.* (18) Mar. 14. 

The West Pascagoula Creosoting Works.* (18) Mar. 14. 

The Restoration the Foundations the Temples.* (46) Mar. 14. 

British Standard Sections.* (20) Mar. 19. 

Iron and Steel Structures. (Report made Committee the Amer. Ry. Eng. and 
Assoc.) (40) Mar. 20. 

The Montreal Grain Elevator.* (46) Mar. 21. 

Direct and Indirect Supports for Underpinning High Wall.* Mar. 21. 

Concrete Masonry. (Extracts from Report the Committee the Amer. Ry. Eng. 
and Assoc.) (15) Mar. 27; (40) Mar. 20. 

The Use Concrete Architecture.* David Gibson. (60) Apr. 

the Industrial Importance Metallography. Albert Sauveur. 


Notes Cement and Concrete Construction the Government Work 
for 1902. (13) Apr. 


Concrete-Steel Chimney for the Pacific Electric Ry. Co., Los Angeles, Cal.* Jas. 
Schuyler, Am. Soc. (13) 


Apr. 
Enlarging and Remodeling the Manhattan Life Building.* (14) Apr. 
Topographical. 
New Level Rod.* (13) Mar. 12. 


Making Hydrographic Surveys. James Bacon, Am. Soc. 
13) Mar. 26. 


Errors Underground Surveying with the Fast Needle. (57) Mar. 27. 
Rod for Rapid and Accurate Leveling.* (14) Apr. 
Water Supply. 


Streams Elwood Mead. (4) Feb. 


The Relation Water-Works Engineers the Fire Service Factories. Edward 
kinson. Mar. 


the Practical Value Presumptive Tests for Bacillus Coli Water. George 
(Paper presented the meeting the Amer. Public Health Assoc.) (7) 


Removal Color, Organisms and Odor from Water. Clark. (28) Mar. 
The Physical Properties Water. Allen Hazen. (28) Mar. 

Opening the Coolgardie Water-Works. (12) Mar. 13. 

Slow Sand Filtration Plant for Washington, D.C.* (14) Mar. 14. 
Water Veins—A Theory. (16) Mar. 14. 
Improved Filtering and Sterilizing System.* (19) Mar. 14. 

The New Philadelphia Filtration System.* (46) Mar. 
Impulse Water-Wheel Governed Induction Motor. (13) Mar. 


Water. Power Electric Plant Manchester, Conn., for the Cheney Bros.’ Silk Mills.* 
Boardway. (13) Mar. 19. 


Chicago Alton Water Supply.* (40) Mar. 20. 

185-Foot Water-Power Plant near St. Johns, Newfoundland.* (14) Mar. 21. 

Tangential Water-Wheels.* (11) Mar. 27. 

The Hazen- Williams Hydraulic Slide Rule. (14) Mar. 28. 

Report Improved Water Supply for Toledo, Ohio. (14) Mar. 28. 

The Flood Reservoir Fossil Creek. Crafts. (19) Mar. 28. 

Greater Niagara Power Development. Frank Perkins. (41 Apr. 

Power South Africa: Electricity from Victoria Falls.* Francis Fox. (10) 
pr. 

égulateur pour Turbines Hydrauliques.* Ribourt. (33) 
ar. 

Usine d’Ozonisation Wiesbaden-Schierstein.* Geo. Renel. (33) Mar. 21. 


Waterways. 


The Yazoo River Diversion Canal Vicksburg, Miss.* (13) Mar. 12. 

The Improvement the Entrance Cumberland Sound, Georgia and Florida.* James 
Bacon, Am. Soc. (13) Mar. 12. 

The Development Buffalo Harbor.* Emile Low. (15) Mar. 13. 

Dredge General Robert. (14) Mar. 14. 

The Buffalo Breakwater System.* (14) Apr. 

Note sur Probléme d’Hydrauliqué. (37) Feb. 


Les Dragues. Baril. (37) Serial beginning Feb. 
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AMERICAN SOCIETY CIVIL 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


This Society not responsible, body; for the facts and opinions advanced 


THE ECONOMIC IMPROVEMENT THE 
COOSA AND ALABAMA RIVERS, 
GEORGIA AND ALABAMA. 


PRESENTED May 1903. 


The Coosa River formed the junction the Oostanaula and 
Etowah Rivers Rome, Ga., which streams have their sources the 
mountains Northern Georgia. 

The Oostanaula and its tributary, the Coosawattee, are navigable 
the year round for light-draft boats from Rome, Ga., Carter’s Land- 
ing, distance 105 miles. 

The Coosa has always been navigable from Rome, Ga., Greens- 
port, Ala., distance 162 miles. From Greensport Lock No. 
Ala., distancé miles, the river has been made navigable for 
boats 4-ft. draft the construction three locks and four dams, 
and channel excavation points between the dams. From Lock 
No. Wetumpka, Ala., distance 116 miles, there occurs suc- 
cession rapids having combined fall 123 ft. this section 
work improvement has been done, except Wetumpka, where the 
papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers, with dis- 
cussion full, will published Transactions. 
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masonry Lock No. has been finished and lock-master’s house 


built. From Wetumpka the mouth the Coosa, distance 


miles, the fall gentle, and locks and dams will required. 
From Wetumpka Mobile, Ala., distance 377 miles, there has 
always existed navigation for light-draft boats the year round. 

will thus seen that this system rivers there would be, 
with the improvement the 116 miles now closed navigation, 


water route transportation from the mountains Georgia the 
Gulf, Mobile, distance 786 miles. 


The Coosa and Alabama Rivers were discovered DeSoto 1540. 
marched down the entire length the down the Ala- 
bama the Choctaw Bluff, where, engagement with the tribe 


Mobile Indians, his force was greatly weakened, though almost 
annihilated the tribe Indians. 


After DeSoto’s glimpse them, these rivers almost disappeared 
from the knowledge civilized man for nearly century and half. 
The words Mark Twain, referring the discovery the Missis- 


sippi the same explorer, apply equally well the Coosa and Ala- 
bama Rivers: 


nobody happened want such river; nobody 
needed it, nobody was curious about it; century and half, 
the Mississippi remained out the market When 
DeSoto found it, was not hunting and had present 


occasion for one, consequently, did not value even take any 
particular notice it.” 


Geologically, the Coosa flows through the formations the 


Paleozoic Era within miles Wetumpka. Through this last 


part its course flows over crystalline ‘rocks pre-Cambrian 


origin, and Wetumpka enters the coastal plain and the Cretaceous 
formation. 


Through its upper course the river passes through the Coosa coal 


field near Lock No. and, places, the bluffs forming its banks con- 


tain great deposits iron ore and limestone. this section occur 


also deposits bauxite, roofing slates, and great forests long-leaf 
(Southern) pine and hard woods many varieties. 


The drainage area the Coosa Basin, Riverside, Ala., 113 miles 
above Wetumpka, including its tributaries, given the Hydro- 


graphic Division the United States Geological Survey 850 sq. 
miles. 
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The country adjacent the Alabama River, while rich, agricultur- 
ally, has few, any, mineral resources. 

The banks the Coosa, over the 116 miles improved, are 
generally high, and many places they are precipitous, rocky bluffs. 
such stream, then, high lifts for locks and dams could used 
without submerging much the adjoining lands. 

The questions now arise: First, what the economic depth? and, 
second, what the economic lift? Upon the correct answers these 
two questions depends the proper solution the problem, and 
answering them the effort will made reduce the problem the 
economic basis business principles; the principles that govern the 
location railroads, and the inauguration and construction other 

works public character. 

Two depths for the navigation these rivers have been proposed 
namely, ft. The present discussion, therefore, will con- 
fined these two depths, for extend others would carry the 
paper far beyond the limits proposed. 

Acting under the direction Captain Raymond, Corps 
Engineers, U.S. A., the writer has deduced two equations, showing 
the relations between lift and cost locks and accessories standard 
design for the Coosa River, one for 4-ft. and one for navigation. 
The equations, the method their deduction, and the theoretic eco- 
effect the use the economic lifts are given what follows, 
together with discussion other economic questions relating the 
improvement. 

Assuming the river have uniform slope and cross-section, the 
cost one lock can stated follows: 

cost one lock and accessories, terms the lift, 
cost excavation cdst lock-walls cost wing-walls cost 
gates cost valves cost dam cost abutment cost 
guide piers cost engineering, inspection and office expenses. 

The constant, includes: 


Gate-maneuvering machinery......... $410 
Fencing and outbuildings................ ..... 500 


$12 116 


~ 


- 
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The expression for the variable costs entering the equation, 
which the lift, factor, are follows: 


THICKENING 
OF WALLS AT 
FORE-AND 
TAIL-BAYS. 


Cost walls 


SECTION 
THROUGH 

CHAMBER AND 
WING-WALLS. 


Cost wing-walls 


1 


Cost gates 


SECTION THROUGH DAM 


1 


Cost dam 


Cost guide piers 300 

Cost engineering, inspection, etc., 500 

The values given the letters are the respective dimensions, etc., 
proposed for the locks, dams, etc., except the length the dams, 
which assumed. Unit prices are based upon the cost similar work 
this and the Warrior River. 


m f 
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cost per square foot gate $3.81; 
cost per square foot valve $15.59; 
determined from experiments Lock No. Coosa 


River; 
length heavy walls fore- and tail-bays 140 
length wing-walls 100 ft.; 
Substituting these values the foregoing equations, and making 
$12 116.00; 
Cost excavation $10 880 1602; 
Cost guide piers 
Cost engineering, inspection, etc., 
Again, substituting the equations the values the letters, and 
making get, for 6-ft. navigation: 
$12 116.00: 


Cost excavation $11 200 1602; 


[Papers. 
lock, over all 400 ft.; 
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Cost guide piers 

Cost engineering, inspection, etc., 

The fall from the upper pool Lock the lower pool 


Lock No. 309 the number locks required, with any lift, 


provement, exclusive levees and overflowed lands, the cost which 

Tables Nos. and give the values and and the total cost 
the improvement, for every value increasing increments 
ft. from ft., inclusive, for both 4-ft. and 6-ft. navigation. 
The curves Fig. show graphically the costs given the tables. 


MENT FOR EVERY VALUE INCREASING Foor 

For 


Costs system. 


LR 


$94 334.38 
102 227.70 
110 362.94 
118 
127 371.89 
136 247.31 
145 375.02 
154 751.92 
164 380.24 
174 260.53 
184 393.53 
194 
205 419.54 
216 


OCOD 
=) 


21.5 ft. economical lift. 


274 613.44 
287 042.01 
299 
312 670.92 

872.05 
049.16 
367 025.89 


@ 


~ 


196 
432 
635 
11.88 
11.04 
10.65 974 


lift. 
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Millions Dollars. 


3.2 ft. Economical 
N= 


21.5 ft. Econor 
$3 685 751. N 


=lift, feet. 


6.2 
6.0 

4.1 
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MENT FOR EVERY VALUE INCREASING INCREMENTS 


For 6-Foot NAVIGATION. 


$106 518.21 61.8 $6 582 825 
114 916.61 51.5 5 918 205 
eee 123 558.84 44.1 5 448 945 
132 447.24 38.6 5 112 463 
141 583,51 34.3 4 856 314 
150 972,11 30.9 4 665 048 
160 604.71 28.1 4 512 992 
es 70 491.55 25.75 4 390 157 
180 630.51 23.77 4 293 587 | 
| 191 021.95 22.07 4 215 453 
201 666.68 20.6 4 154 334 
. 212 565.26 19.31 4 104 635 
SES 223 718.11 18.17 4 064 958 
235 125.82 4 087 110 | 
246 788.80 16.27 4 015 254 | 
258 707.53 15.45 8 997 031 | 
270 882.41 14.71 8 984 680 
DC aS 283 313.87 14.05 8 980 560 | 
308 947.99 12.87 8 977 705 976 665, N = 13.319. 
; 822 151.58 12.36 3 981 793 
335 613.05 11.88 8 987 083 | 
349 333.21 11,44 8 996 372 
ESE 363 311.90 11.04 4 010 963 
377 549.94 10.65 4 020 907 
392 047.44 10,30 4 088 089 


The present project for the improvement the Coosa River con- 
templates the building twenty-seven locks and dams, from Lock 
No. Lock No. 31, inclusive. Lock and lock-house No. have 
been completed, but the dam, gates, valves, are yet built. 
Table No. gives the estimated cost the improvement under the 
present project; the cost Equations and for the lifts proposed 
the present project, and the minimum costs Equations and 
using the economical lifts. will noticed that the locks and dams 
provided for the approved project, from Nos. inclusive, 
have combined lift 296 ft., leaving ft. fallin parts the river 
where the slope gentle. these parts that $407 201 would 
expended for channel work. the estimates Equations and 
proposed back the water from one lock another, and locate 
all locks that channel work would eliminated. The 
cost the locks the present project and the costs given 
Equations and for the same lifts due the substitution con- 
crete for cut-stone masonry the latter, thereby reducing greatly 
their cost. The lock masonry and lock-house for No. 31, being 
finished, are omitted from the estimates costs Table No. 
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TABLE No. 


Number Lift, Cost (estimated) Cost (estimated) Cost (estimated) 
locks. feet. project. Equation Equation 
952 $474 975 $529 789 
756 670 362 473 721 
191 734 164 380 180 
596 502 522 782 573 066 
204 184 393 201 667 
Total cost present project. 709 
Dams, guide piers, valves, 
gates, machinery, inspec- 302* 476* 270* 
tion, Lock No. 


tions and with eco- 


Minimum costs Equa- 
nomical lifts 


685 751 665 


Gates, valves and maneuvering machinery No. 31. 


The minimum costs given Equations and must increased 
the cost the dam, guide piers, etc., Lock No. 31, $56 476 and 
$63 270, respectively. These minimum costs will then be: 

For 4-ft. navigation ................ 742 227; 
For 6-ft. navigation................. 039 935. 


The substitution the economical lifts, 21.5 ft. and 23.2 ft. for 


4-ft. and 6-ft. navigation, respectively, and the substitution concrete 
for cut-stone masonry, would result saving: 


But the present project includes $407 201 for channel work, which 


eliminated from the proposed economical project; therefore, the 
total saving would be: 


For 6-ft. navigation..... 


Comparing the costs given Equations and using the lifts 
the present project, with the costs given those equations using the 


economical lifts, find that there saving from the use the 
lifts: 


For 6-ft. navigation 


For 6-ft. navigation 
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Assuming that lockage requires minutes, there would result 
saving time over the time required for lockages under the present 
project: 

For 4-ft. navigation (26 15) hours minutes; 
For 6-ft. navigation (26 14) hours. 


The average cost operating Locks Nos. and the Coosa 


River, for ten years past, has been for each lock: 


For lock-master’s $600 


The saving this item would be: 
For 4-ft. navigation (26 15) 600 $17 600; 
For 6-ft. navigation (26 14) 200. 


Capitalizing these sums 3%, there would result from this reduc- 
tion locks the equivalent permanent investment: 


The Government, therefore, could spend for overflowed lands the 
sums saved the adoption the economical lift, even though the 
saving the reduced freight rates, due decreased lockages, 
were not considered. These sums are follows: 

For 4-ft. navigation, 106 515 407 201 586 667 100 383. 

For 6-ft. navigation, 211 650 407 201 258 851. 

The uneconomical character the present project apparent, 
from what has gone before, that the further discussion the sub- 
ject will not considered. should stated, however, that the 
present project designed have ft. water over the miter-sills 
the locks and ft. the river channel. 

Water has not been the policy the Government, 
heretofore, utilize for commercial purposes the power developed 
dams built for navigation; but the increasing use elec- 
trical transmission power, and the facility with which such trans- 
mission can operated over long distances places where the power 
can used economically, will probably necessitate early change 
this policy. view these changed conditions, will well 
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consider here the effect which judicious use the power developed 
the dams this river would have upon the improvement from 
economic point view. 

The low-water discharge the Coosa River has been estimated 
variously from 500 000 cu. ft. per second. Assuming the dis- 


charge 000 cu. ft. per second, there could developed each 
dam: 


With dams for 4-ft. navigation (21.5 ft.).... H.-P. 
With dams for 6-ft. navigation (23.2 ft.).... 5273 H.-P. 
Allowing 50% for losses and the maintenance navigation, there 
would remain for commercial purposes: 
With dams for 4-ft. 443 H.-P. 
With dams for 6-ft. navigation............. 636 H.-P. 
Assuming that the fall the dams will disappear when the river 
below each dam rises twice its height, which approximately true, 
then, overcome all fall the dams, would require: 
With dams for 4-ft. navigation, rise ft. 
With dams for 6-ft. navigation, rise 46.4 ft. 


Such rises that part the Coosa River under consideration are 
unknown. 


The average yearly maximum rise Lock No. Sucha 
rise would leave head follows: 

dams for 4-ft. navigation, 11.5 ft. 

dams for 6-ft. navigation, 13.2 ft. 

providing additional water-wheels, the low-water power each 
dam could maintained. 

The rentals water-powers the United States range from 
$45 per horse-power per year. Neglecting the fractional dams, and 
assuming that the Government leased rented the power all the 
others for the reasonable sum per horse-power per year, the in- 
come from this source would amount to: 

From dams for 4-ft. navigation 


From dams for 6-ft. navigation 


Capitalized these sums would pay interest: 
From rental power dams for 4-ft. navigation, 700 333; 
From rental power dams for 6-ft. navigation, 711 333. 
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other words, the Government could, from this source, pay inter- 
est the improvement; pay operating and maintenance expenses; 
and have remaining sum sufficient pay interest: 

With 4-ft. navigation, 700 333: 


742 227 0.03 158 106; 
With 6-ft. navigation, 711 333: 
400 

039 935 $924 731. 


These sums could used the erection power plants the 
dams for other purposes. 

not probable that the Government could rent the power 
all the dams; but reasonable assume that enough could 
rented pay operating and maintenance expenses and interest the 
cost the improvement. 

The Alabama River.—The distance from Wetumpka the mouth 
the Coosais about miles; but this part the river the same 
character the Alabama, for the purposes this paper, will 
treated part that river. 

The distance from Wetumpka the mouth the Alabama 332.5 
miles; the fall 105 ft. 

The banks the Alabama are low, and the bottom lands either 
side extend back from the river. Like the Mississippi, 
the Alabama has banks that are caving constantly, and bottom ever 
the move; and unless movable dams were used, the pools would 
soon fill, leaving the river worse condition than now, for constant 
dredging between locks would necessary maintain 
dredging will have resorted finally, then the construction 
locks and dams, leaving out consideration the danger adjoining 
lowlands, would more than useless expense, and, therefore, the 
problem improving this river into question main- 
taining low-water channel the required depth means dredg- 
ing. 

The question works contraction not considered, for ex- 
perience this and other rivers the same character has been that 
such works merely move the obstructions, which they are intended 
overcome, further down stream, and, that, make such works 
effective, they would have built such manner and places 
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give the river, whole, uniform slope and cross-section. 
cost and maintenance such system would prohibitive. 
Unfortunately, data exist upon which accurate estimate 
the improvement the Alabama River can based; but the writer 
believes, from his personal knowledge this stream, that the esti- 


mates for dredging that follow are sufficient maintain the chan- 
nels proposed. 


The 


The following estimate the annual cost operation one 
dredging plant: 


One dipper dredge cu. yds. dipper capacity. 


$15 000 

Assuming renewals every years: 
Crew dredge, months...... 710 
Fuel for 500 
130 


Assuming that six such dredging plants would maintain 4-ft. 


channel and eight plants 6-ft. channel, the cost per year would be: 


Capitalized these sums would interest charges 


For 6-ft. navigation 


permanent investments: 
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The total economical cost for the improvement this system 
rivers would therefore be: 
For 4-ft. navigation: 


Improving the Coosa 742 227 
Improving the Alabama River, annual cost cap- 
Operation and maintenance locks, Coosa 
River, capitalized 800 000 
Deduct rental power, capitalized 700 333 
Cost the United States........... $925 894 
For 6-ft. navigation: 
Improving the Coosa 039 935 
Improving the Alabama River, annual cost cap- 
Operation and maintenance locks, Coosa 
River, capitalized 746 667 
Deduct rental power, capitalized 3%..... 711 333 
Cost the United States........... 853 936 


Almost exactly twice the cost the improvement for 4-ft. navigation. 
But there another factor entering into the problem: The freight 
rate. will probably the principal freight carried this 
system rivers, taken the basis comparison. The locks, 
designed, will take one lockage three barges and one towboat. 
This fleet the basis the following estimate: 


For For 6-ft. 

channel. channel. 
Cost steamboat............ per year...... $667 
Interest first cost 4%... 700.00 840.00 
Two Engineers.............. 200.00 200.00 


$10 $11 483.75 


| 
. 


Papers. ECONOMIC IMPROVEMENT RIVERS. 355 


Cost per trip, thirty trips per year............ 


Now, the value any improvement inversely the first cost, 
the capitalized cost operation and maintenance, the cost per ton 
freight rate; and directly the capitalized investment resulting from 
the rental power developed the dams. 


Applying this rule 
the present discussion, have: 


700 
For the value 6-ft. navigation 711 333 


039 935 667 746 667 0.274 
Dividing the second equation the first, find that the value 
4-ft. navigation the value 6-ft. navigation 1.4621. 


The tendency, the increase the navigable 


depth rivers under improvement. Upon the system rivers under 


discussion, least, this good practice, both from the point view 


the carrier and economic proposition. There is, unquestion- 


ably, economic depth, just there economic lift, but this 
paper cannot further into discussion that phase the 
problem. 

the final location the locks the Coosa River, will 
impossible, course, adhere the economic lift indicated, but 
will possible approach it, and the nearer the approach the more 
economical the improvement. 


The writer has had access excellent maps and profiles the part 


the Coosa River under consideration. The maps, however, not 


show the topography the adjacent country, and, therefore, has 
been impossible estimate the cost for levees and overflowed lands; 
but, before stated this paper, the banks are high, and many 
places precipitous, and these costs would comparatively small. 
This part the Coosa ideal stream for locks and dams high 
lift. 

The writer knows good map the Alabama River, and, 
far his knowledge goes, there profile existence. The esti- 


mates for that river are made from his personal knowledge the 
stream, and are believed safe. 
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The investigations have led him the following general 
conclusions concerning the improvement rivers the United States: 

All streams, east the Mississippi least, and generally those 
west that river, may classified under two heads, which, for want 
better names, will called torrential and alluvial. 

Torrential streams are those pouring down from the mountains 
and plateaus, and emptying generally into alluvial streams. They 
only opened navigation means locks and dams. 

Alluvial streams are those flowing through the coastal plain, and 
are always continuations torrential streams. Except when the flow 
insufficient the required navigable depth, alluvial 
streams should never improved means locks and dams, for, 
with their caving banks and moving bottoms, the pools would soon 
fill, and constant dredging would required keep them open 
navigation. Movable dams would remove this objection, but, with 
the present navigation our rivers,.their cost prohibitive. 

The use isolated works contraction alluvial streams 
mere expedient, for their only effect move the obstruction further 
down stream. course, other contraction works could built, 
until the obstruction was removed the mouth Such 
extensive works regulation would giving the stream 
slope and cross-section, and are excellent method im- 
provement, except the cost, which would enormous. 

Finally, there left the method maintaining temporary chan- 
nel, during periods low water, dredging. This the cheapest, 
and, with the present our rivers, the one that should 
used. 

Our larger problems river improvement embrace the study 
the regulation both torrential and alluvial streams one and the 
same project. Every such system should treated whole. 
bad practice have one part improved for one depth 
navigation and another for different depth would have 
different gauges the same system railroads. 

The time has come when the power developed dams built for 
purposes navigation should used the industrial development 
the country. This being true, why should not the public large, 
represented the Government, reap some the benefits? 
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and Gerry, Jr. 


Esq.—There are some features electric power Mr. Blackwell. 


transmission which may interest. The first that practi- 
cally independent distance. potential used which pro- 
portional the distance, any distance can reached. does not 
matter much whether the power carried across the room, whether 
carried 100 miles—the same quantity copper per horse-power 
required for the same efficiency. 

Having this independence distance, the generation power can 
concentrated from several different places one power-plant, for 
instance, from Helena and Butte, has been done this particular 
instance. The reverse can also done; the power can 
brought from many different points and delivered one place 
used. 

Butte also good example this. They have, water-fall 
near Butte, three electric power transmission plants, addition 
H.-P. steam-driven electric plant the City Butte. They 
bring 000 H.-P. miles from the Missouri River, H.-P. 
miles from the Madison River, and 000 H.-P. miles from the Big 
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Hole River, into the city. Three the plants are working together, 
the generators were all the same building, notwithstanding 
their great distance apart. 

some parts the country they have many seven eight 
steam- and water-power electric stations, perhaps 100 miles apart, 
all feeding into the same distribution system and working unison 
like one plant. Power, to-day, being delivered commercially 
San Francisco and the neighboring cities from two water-powers 150 
miles away. Temporarily, power has been transmitted 220 miles, 
connecting the two transmission systems referred to. 

Another characteristic electric power transmission which im- 
portant the high efficiency obtained regularly from electrical 
apparatus. 90% efficiency obtained from steam-engine 
water-wheel remarkably good result, but, large electric 
generator, high 97% can obtained, and transformers changing 
from one potential another have given more than 98% efficiency. 

The efficiency the power transmission entirely matter how 
much copper put the transmission circuit, but seldom that 
more than 10% lost conductors, even with the long-distance trans- 
missions already referred to. 

Mr. Gerry does not mention the efficiencies his apparatus and 
transmission, but Mr. Thomas very familiar with the Missouri 
River plant, and has made many tests upon it. would interesting 
hear from him the results his experiments, and particularly 
the efficiency the transmission Butte. 

speaker has spent some time the 
plant the Missouri River Power Company, but, has not been 
connected with the company officially, not speak author- 
itatively what has been done there. few interesting points, how- 
ever, might well mentioned. 

The speaker has not seen the figures giving the efficiency the 
plant whole, but, for purposes comparison, can imagined 
that power transmitted from Canyon Ferry Butte with little 
loss with fair belt transmission ft. 

Mr. Gerry has stated that, far knows, this line has the 
highest voltage commercial operation, and, probably, correct, 
though another plant will use the same voltage being installed 
and about run. 

This Canyon Ferry plant remarkable number ways: 
remarkable the country through which the transmission line 
passes; not only crosses three mountain ranges, but one these 
the Continental divide—however, not the only line which crosses 
that divide. subject very great changes climate and tem- 
perature, and passes through extreme ranges altitude. Light- 
ning, certain parts the country traversed, very severe, and Mr. 
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Gerry says has noticed, near Helena, that the lightning—sometimes Mr. Thomas. 


very severe discharges—generally comes out aclear sky. The rain 
follows, but that time the danger over. this plant there 
great difficulty getting intelligent electrical men the various 
grades, they are not very plentiful that part the country. 

spite all these difficulties, and many others, Mr. Gerry has 
succeeded very well. March 7th, 1903, the plant will have com- 
pleted year’s commercial operation. The service 
seems have been very satisfactory, though the load handled, viz., 
large motors, type which generally considered very difficult. 
The work Butte has been the running compressors, pumps, con- 
centrators, etc. The street railroad run another plant. 

The following feature which, perhaps, somewhat interesting 
civil well electrical engineers. Consider one these 70-mile 
transmission lines charged the pressure 000 volts; the en- 
ergy stored therein, that required bring this condition, 
about equal seems remarkable that such long line 
can charged with small amount energy and such high 
potential. Not only this true, but also found, practical 
service such circuits, that the charging and discharging this small 
amount energy some unexpected direction, accidental 
short circuits, cause some the greater operation. 

During the summer 1902 Mr. Gerry and the speaker made 
number tests this plant, trying determine some the result- 
tant strains the apparatus caused discharge this British 
thermal unit unexpected direction, for instance, such action 
might brought about tree falling across the wire. 

Mr. Gerry almost has the record for continuous service trans- 
mission line his Helena plant. time during 
months was the potential off the bus-bars the substation East 
Helena. That record which difficult equal almost any 
kind power work. 

The question the possible effect such transmission line 
this long-distance telephone transmission interesting. The 
telephone and high-tension lines are parallel for number miles. 
The power lines are ins. apart and the telephone line, which 
placed upon one the two pole lines, not much more than that 
distance from the lowest wires, but pretty well the pole. 
Before Mr. Gerry started operate his plant the man charge the 
long-distance telephone system feared that the high voltage would 


interfere with his work, and made particular request that 


notified before the plant was started. some oversight the plant 
was started without notifying him, and had been running fortwo weeks 
before discovered it. Thus can considered that there 


very great danger—at least during normal operation—from the paral- 
lelism such lines. 
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Mr. Gerry has introduced one important feature the construction 
his pole line which may may not new. running wires 
over the country, did not follow the slopes the land detail, 
but put short and tall poles such way that the wires run 
smooth grades and thus strains the insulators and pins are avoided. 
going over summit rounded off the top that the highest pole 
carries excessive weight. 


expenditure ever-present problem with the engineer. 
For short distances the economy electrical transmission limited 
the mechanical strength the transmission lines necessary for 
reliability; and high economy transmission can usually secured 
relatively low voltages. Over long distances the size the wire 
may still that necessary for mechanical strength, provided the volt- 
age increased correspondingly. 

The installation described Mr. Gerry particular interest 
showing what can accomplished 000 volts, and the details and 
precautions taken insure against accidental grounding the trans- 
mission circuit. The speaker has been much interested and pleased 
hear, through Mr. Thomas, the reliability and efficieney the 
service given. creditable Mr. Gerry and the designing engin- 
eers the power-station and substation apparatus that these results 
have been secured what but few years ago would have been con- 
sidered impracticable voltage. 

Mr. Thomas has informed the speaker that, far knows, the 
ins. between transmission lines has proved ample protect them 
against arc being maintained the event its being established 
accidentally. 

one time was considered that about in. per thousand volts 
would sufficient, but assuming, for mechanical reasons, minimum 
distance ins., recent practice indicates that about ins. per 
thousand volts should allowed, principally account the 
possibility are being maintained between the wires case 
should established accidentally. The speaker knows several 
instances where the ubiquitous boy has derived much pleasure, and 
display tireworks, throwing wire across the lines. The 
thus established would maintained and travel considerable dis- 
tance the direction the wind before being extinguished. The 
speaker believes matter record that, one the western 
systems, the transmission line was short-circuited, and the power- 
station shut down, account two large birds alighting adjacent 
wires and endeavoring communicate. They succeeded estab- 
lishing the connection, their own undoing. perhaps point 


worthy consideration take due account the dimensions the 


birds the territory through which the lines may pass, and this sug- 
gestion not necessarily confined our western States. 
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Mr. Gerry mentions that the high-potential wiring within the 
stations rubber covered, although the insulators which 
mounted are evidently the main reliance for insulation. the 
rubber covering the wire can hardly considered protection, 
would not safer run the wires through brick cement com- 
partments, which event the wires could left bare and thus lessen 
the quantity inflammable material? 

The term load factor’’ has been mentioned several times, and 
has been the speaker’s experience that the exact meaning this term 
sometimes misunderstood. Many power-stations have reserve 
apparatus, which not operated during the hours, and has 
found that there difference understanding whether load 
factor the percentage average load the operation 
for the actual time they may have been running, the installed 
apparatus. The former the usual and proper definition, and the 
speaker would suggest the term ‘‘station represent the 
average output, percentage, the total capacity the apparatus 
installed. 

The transmission electrical energy the solution and problem 
electric power for the movement traffic. The location water- 
powers and the economy steam-power necessitates generating power 
large quantity and distributing the points application. 
Instead direct-current power-stations, miles apart, and operating 
low load factor, alternating power-stations are now being built 
which transmit high potential substations miles apart, more 
less. Depending upon the character service, the range covered 
given potential will vary from miles per thousand volts; 
that is, the service were subdivided and the cars medium size, 
000-volt transmission, with the power-station located the middle, 
would operate economically railway 200 miles long, the limitation, 
course, being the power required the most distant substations. 

The speaker believes that unprecedented development the 
railway field may looked forward during the next five years; and 
the problem high-voltage power will one the 
most interesting with which the engineer will have deal. 


Esq.—The speaker has the good fortune belong 
the same department electric company that with which Mr. 
Blackwell identified, and for all engineering questions has been 
the habit looking him. 

The question: Can you transmit power electrically over very long 
distances? has been asked very frequently. only very few years 
ago that doubt was expressed whether power could trans- 
mitted economically over what are to-day such comparatively short 


The limitation to-day, the handling electricity for the transmis- 
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Mr. McKee. sion power, more mechanical than electrical problem, and 


confined largely securing insulator withstanding 
the very high voltage necessary for economical, or, other words, 
commercial, transmission over great distances, such anywhere from 
100 500 miles. 

One particularly interesting feature this plant the use 
glass insulator for 62-mile transmission over wire carrying current 
000 volts. The speaker thinks there are but two plants the 
United States where dependence placed upon glass insulators for 
high voltage. One Provo, Utah, where, times, line has been 
coupled for 130 miles, and where voltage high 000 was used 
experimentally, although the normal operative voltage about 000. 
The second plant transmits 000 volts, miles, from the Madi- 
son River Butte, Mont. 

Originally, the question carrying current over long distances 
was largely dependent the possibility securing 
which would withstand high voltage. Only few years ago—say 
five six, without stating all definitely—the electric companies 
did not care undertake anything higher than 000 volts, and then 
their guaranty was that they did not first succeed, they would not 
stand for damages, but would try again. To-day, transformers are 
constructed and have been put into operation for high 100 000 
volts, and, doubt, the art progresses, even higher potentials will 
handled safely. 

The attention those who are interested hydraulic work should 
directed the excessive cost which, unfortunately, shown 
many the first transmission plants, and which, nearly every case, 
has been due misunderstanding the hydraulic features. 

The installation water-wheels connected directly the genera- 
tors seemed for different methods rules 
against those used ordinary mill plants, where the load not 
variable and where the necessity for close regulation not great. 
The result has been that many the earlier hydraulic plants, installed 
for the generation electricity for transmission, have had over- 
hauled, and, naturally, very great expense, both actual ex- 
penditure and loss time. 

one prominent plant the power-house one the most substan- 
tial granite structures found anywhere, and the hydraulic part 
the entire plant cost nearly $500 000, but recently has had 


altered, cost not less than because the water could not 


reach the wheels freely enough take care the varying load the 
generators with sufficient promptness give the necessary regula- 
tion. 

still another plant, costing more than for the power- 
house, more than $75 000 has been spent trying get the water 
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the wheels more freely, the trouble being that the wheel-chamber was Mr. McKee. 


too small and the draft tubes not quite liberal enough capacity 
provide and carry away the water, respectively, when fhere 
sudden and large variation the load, and promptly enough 
insure the regulation which necessary plant. 

Comparatively few people realize the extent which water-powers 
are being depended upon solve the question cheap power, and 
also the rapid increase the number plants this character. 
very interesting installation that Salt Lake City, where, starting 
with small transmission plant about miles from Salt Lake City, 
they afterward putin second plant, near Ogden, carrying the water 
through 6-mile pipe line the power-house and transmitting 
miles Salt Lake City 000 volts, accomplishment which 
that time (about six years ago) was considered very little short won- 
derful. Both transmission plants are operated synchronism with 
the steam station located Salt Lake City. 

Butte, Montana, plant installed the Madison River, 
miles distant, transmitting over line aluminum wires 000 
volts, and delivering current the bus-bars the Butte Lighting 
Company synchronism with current brought over another line 
miles from water-power the Big Hole River, and also with cur- 
rent generated steam plant Butte. 

The street railway and lighting system the Cities Seattle and 
Tacoma are operated largely current brought miles, over 
aluminum wire, from water-power the Snoqualmie River. 
additional water-power plant, located about miles distant, now 
being installed, which 000 H.-P. will generated for trans- 
mission the same market. third plant, not less than 
installed third river, some miles from Tacoma, 
under consideration. 

When these installations are complete, there should occasion 
for the use any fuel whatsoever for the generation power either 
these cities the locality, there being sufficient water-power 
supply all the wants, fuel then being used only where required 
for heat, and the speaker not absolutely sure but that the cost 
electric current, due the low cost operating water-power, may 
come down price low that even heat can supplied econom- 
ically. 

Los Angeles, California, one the centers for oil—in other words, 
where fuel cheap—has become one the greatest transmission cen- 
ters the country. There are present two water-power transmis- 
sion plants delivering current this market. One these located 
miles distant, and the other about miles. third one, located 
approximately 110 miles distant, being installed for 000 H.-P., 
and fourth once, located about 125 miles distant, where they expect 
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install 20000 H.-P., undertaken within the next few 
months. When all these plants are operation, notwithstanding the 
low price fuel Los Angeles, probable that there will very 
little steam power used that city. 

The different cities just referred are only few the many 
the United States which are being supplied rapidly with electric 
power generated from water-powers; and, inasmuch current to-day 
can carried distances 100 200 miles economically, easy 
comprehend how rapidly this method supplying power will grow. 
the spirit prophecy, the speaker thinks reasonable anticipate 
that will only few years, comparatively, before practically all 
the power used manufacturing New York State, north line 
drawn west from Albany, will supplied water power. The pos- 
sibilities from water stored properly the Adirondacks are such that, 
when fully developed, several hundred thousand horse-power elec- 
tricity can generated therefrom for transmission purposes, and with 
the waters held back and stored released through the 
usual low-water periods, these water-powers can made sufficiently 
uniform justify their being depended upon for manufacturing pur- 
poses; will that probably fuel that section the State 
will used only where heating consideration. 

With Niagara the West, the St. Lawrence River the North 
and the Adirondacks the interior, the possibilities for power devel- 
opment are almost unlimited, and the assurance cheap power equally 
promising. the locations where the great developments just men- 
tioned have been made, the natural supposition, particularly Seattle, 
would that there would great decrease the consumption 
fuel. This, however, does not seem have been the case, because, 
manufacturing has grown, the increased demand for fuel for use 
locomotives and steamships—in other words, 
have more than offset any decrease its use for manufacturing 
purposes. 


Gerry, Jr., Am. Soc. (by letter).—Of the greater 
uses electricity to-day, perhaps the most important that 
agency for the transmission power. the connecting link 
means which mechanical energy, generated distant points, 
transferred and again converted into mechanical power under condi- 
tions favorable economical application for commercial purposes. 

Mr. Blackwell reminds the ease and reliability with which 
distant generating plants may worked together, and the high 
efficiency attained, compared with all other methods transmit- 
ting power. These are interesting facts, and are evidence the desir- 
ability and flexibility the agency under discussion. 

Mr. Thomas speaks the effective lightning protection and suc- 
cessful telephone service maintained the Butte transmission. His 
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remarks indicate that difficulties recently considered serious have been Mr. Gerry. 


overcome, and that there little reason fear interruptions the 
service from such causes long transmission lines. 

Mr. Potter, his interesting discussion, states that ins. per 000 
volts should allowed between wires account the possibility 
being maintained once accidentally established between con- 
ductors. The wires the Butte transmission are placed ins. apart, 
but for reasons other than those mentioned Mr. Potter. true 
that will not maintained this distance the open air, 
under 000 volts, nor will maintained somewhat lesser dis- 
tance. wires are spaced control the brush discharges, 
the electro-static losses, and also establish certain line capacity. 
The rubber insulation the wires the station, which attention 
directed Mr. Potter, there for the purpose reducing the brush 
discharge where the connections are near together, the terminals 
the transformers, and other apparatus. The thickness the rub- 
ber, stated, ample withstand the full electrical pressure. 
Brick and cement compartments, unless very great size, are unde- 


for high potentials, and even then not represent the best 


form construction. 

closing his remarks, Mr. Potter made interesting allusion 
regarding the relation high-tension electrical transmission the 
problem applying electrical power the movements traffic 
the present steam railways. electric railway, primarily, 
electrical power transmission. Its possibilities and scope have been 
limited the past reason the use direct current only, thus 
restricting the field operation comparatively short distances. 
combination alternating current transmission, with direct current 
distribution and application has met with some success recent 
years connection with electric railroading, but this must 
regarded but temporary expedient, and not the 
problem. There are inherent reasons why alternating current may 
not applied directly railway service, and thus render possible 
the general use electrical power for all classes railways. There 
are, truth, difficulties overcome, but they are reality fewer 
than confronted the electrical engineers even ten years ago, ap- 
plying direct current city railway service. 

Mr. McKee attention the fact that transformers can now 
obtained for electrical potentials volts. This cer- 
tainly high pressure, but there are serious obstacles the way 
the use this voltage transmission lines where the conditions 
are such warrant the installation. The limit electrical tension 
for the transmission energy has not, yet, been reached. 
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SAND-BLAST CLEANING STRUCTURAL STEEL. 


Discussion.* 


Henry Szaman, Tays and 


Evan Am. Soc. (by letter).—This paper 
certainly one the most important that has ever been presented 
before the Society. The failure clean the metal steel structures 
properly before they are painted the principal cause their dete- 
rioration, and, practically, the only cause which exists prejudice 
against them. While the bridge shops have, most instances, endea- 
vored clean the steel properly before paint applied, has never 
been done satisfactorily, the majority cases, owing the charac- 
ter the plant used, and owing the character the help which 
necessary employ work this kind. The laborers ordinarily 
employed painters about bridge works are not possessed very 
high order intelligence, and soon fall into the rut glossing over 
and slighting their work. When they are discharged, and new ones 
put their places, there always time for breaking them 
in, during which the work not done properly, that the writer 
believes that, necessarily, must come some such method sand- 
blast cleaning the bridge shops before painting done, else follow 


some European railroads, where the bridges are not painted 
until some time after erection. 


This discussion (of the paper George Lilly, Assoc. Am. Soc. E., printed 
Proceedings for February, 1903), printed Proceedings order that the views 
expressed may brought before all members the Society for further discussion. 


Communications this subject received prior May 23d, 1903, will published 
subsequently. 
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The specifications the Sheffield and Lincolnshire Railway Com- Mr. Fowler. 
for 1889 require that portion structure shall painted 

before erection, except such parts are not accessible for painting 
afterward. Some time after the structure erected, and the scale 

has all disappeared rusting off, the metal cleaned thoroughly 

and painted. Should this done the sand-blast process, and 

paint once applied, there would some surety proper protec- 

tion from future rusting. 

Many engineers seem object allowing rust appear upon 
the steel preferring have the metal kept under cover from the 
time rolled until fabricated and painted, but anyone who has 
had experience with raw steel plates and shapes stored yard, will 
know that the mill scale, which very often not removed otherwise, 
rusted off, and the solid metal, although coated with rust, can 
gotten so,as cleaned thoroughly and painted; whereas, the 
metal kept under cover, much this scale remains and painted 
over, and few years flakes away from the metal, rusting between 
the scale and the body the metal goes unseen. 

the writer’s opinion, particular parts bridges should gal- 

vanized, great many cases, protected Barffing, give 
them protection once for all; but, lieu this, the thorough clean- 
ing existing structures method similar that used Mr. 
Lilly should followed, and the coating applied directly afterward 
protect the steel thoroughly. such cases will possible soon 
arrive some definite idea which paint really the best use 
bridges and steel structures. 

While not directly feature Mr. Lilly’s paper, certainly one 
which comes studying it, what kind paint really the 
best. The writer not prepared change his opinion, formed during 
many years Chief Engineer one the large eastern bridge com- 
panies,that red-lead paint the best that can applied, regardless 
the numerous paints which are advertised loudly the best for pro- 
tecting steelwork. Red lead, used according the Baltimore and Ohio 
specifications 1896, the addition oz. lampblack every 
red lead, can handled easily any other paint. Next 
this, for first-class work, are the various carbon paints put the 
market the standard paint companies. 

While the writer has data his own, the cost sand-blast 
cleaning, appears from the paper that the can reduced toa 
reasonable figure, and’ one which would warrant the use the method 
whenever there large amount cleaning done. 

this paper shall have served other purpose than have called 
attention forcible way the need thorough cleaning steel- 
work before painting, have proved itself one the most 
valuable papers ever presented for the consideration engineers 
having with steel structures. 


re 
vi 
| 
| 
| 


Mr. Polk. 


Mr. Snow. 


368 DISCUSSION SAND-BLAST CLEANING STEEL. [Papers. 


Assoc. Am. Soc. (by letter).—The 
writer has read this paper with much interest, especially that part 
relative cleaning the One Hundred and Fifty-fifth Street Viaduct, 
New York City. During this operation the writer had the pleasure 
devoting about one month’s time observation the workings 
the sand-blast, and found that was the only power capable 
ing the accumulated rust scale with despatch and economy. More- 
over, was the only method that was thoroughly efficient preparing 
the surface for the tests paints, that being the object for which the 
sand-blast was used the viaduct. 

understand how thoroughly the machine did its work, may 
stated that days which the humidity was great (such days were 
frequent, the humidity registering often from 90° 98°), the metal 
was sooner cleaned than the gray color was changed oxidation 
arusty brown. was deemed expedient apply the paint soon 
possible after sufficient number square feet (about 200) had 
been cleaned. This surface would comprise two buckle-plates, one 
each side the girder, and the section the girder supporting these 
buckle-plates. The cleaned surface was protected from sand 
sail cloth while the machine was being operated. 

Notwithstanding this protection, great deal fine dust settled 
the cleaned portion. This dust was readily taken the paint, 
however, and, the writer’s opinion, One painter could 
finish two hours the portion which had been cleaned nozzle- 
man eight hours, under favorable conditions, dry weather 
and with dry sand. Four nozzle-men could keep one painter busy, 
but, accomplish this, the sail-cloth screen had moved fre- 
quently places where protection might necessary. bridges 
other places the writer has noticed that screen was not needed. 

The expense cleaning the One Hundred and Fifty-fifth Street 
Viaduct was necessarily much greater than would The cost 
and the time cleaning could reduced very much the addition 
more 

For the purpose preparing metal surfaces for painting, nothing 
has come under the writer’s observation, during period ten years, 
that can approach the efficiency the sand-blast machine. order 
have the best results from painting, expedient, nay, neces- 
sary, have the surface absolutely free from rust, mill scale and 
grease; therefore the sand-blast will more than pay for itself de- 
creased maintenance and furthering the lasting qualities metal 
coatings. 

Snow, Am. (by letter).—The Boston and Maine 
Railroad (with which the writer connected) has used sand-blast 
outfit for four seasons, but from its experience little can added 
the testimony given the author. The mixers used are the 
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Tilghman pattern, shown Fig. 1,* with second hopper, that Mr. Snow. 


sand may fed continuously while the blast operating. 

The air furnished Fairbanks-Morse gasoline compressor, 
with engine cylinder and pump having in. 
stroke. Two, and sometimes three, open-topped galvanized-iron tanks, 
600 galls. capacity, each containing circulating water for cooling 
the cylinders, are used; these, and small galvanized-iron gasoline 
holder, boiler-iron air-reservoir, sand-dryer, and pipes, hose, etc., 
complete the outfit. 

The air pressure with this plant from lbs., which very 
effective weather rust not heavily scaled. Where the scale caused 
engine gases brine from refrigerator cars removed with 
hammers, chisels, before applying the blast. thought that 
greater pressure, advocated Mr. Lilly, would more effective 
where the rust heavy and the metal pitted. The pressure can 
increased exchanging the pump cylinder for one. 

Usually, this outfit loaded and unloaded derrick. 
set near the bridge operated upon, the water tanks are filled 
from the locomotive tender, detachable shanty put over the engine, 
sand unloaded, the pipes are connected, and work commenced. 
desirable have the sand-dryer near the bridge possible, 
but the engine should 100 ft. away, further, get somewhat 
out the dust. 

The sand should clean and hard. For the highest efficiency, its 
fineness should depend the kind rust beattacked. 
weather rust, fine sand the best. the rust heavy, the metal 
pitted and the surface hard get at, coarse sand should used. 
Where the work over dry land, the sand used again several 
times. time used, but, the impact against the 
metal breaks the grains sand, they are sharp, and, until becomes 
too fine, its effectiveness rather greater than first. 

For drying sand so-called Chicago dryer used. Its action 
similar that the dryer shown Fig. Plate except that 
the dry sand escapes through annular opening against the fire-box, 
which prevents, measure, the over-heating mentioned the 
paper. This method drying sand very unscientific, however, in- 
asmuch the mass sand the hopper acts blanket prevent 
the escape steam from the lower portion next the fire-pot, where 
there the greatest heat. fact, good deal like trying 
drive moisture out box. dryer, arranged that 
the sand could fall over series inclined baffle-plates furnace, 
where the heated gases from the fire could pass over thin moving 
sheet sand and absorb its moisture, desideratum. The waste 
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heat from the engine exhaust enough dry the sand properly 


arranged dryer, but there are practical difficulties using it. The 
exhaust from explosion engine should free and close the 


engine, obviate back pressure; but, save the running parts, the 


engine should some considerable distance fromthe sand. Again, 
frequently desirable dry sand when the engine not run- 


Mr. 


ning; therefore, the whole, seems best use independent 
dryer. 

Some difficulty experienced from moisture carried the con- 
densed air. very little dampness will cause the sand clog the 
lower valve, mentioned the paper; but, with drips the air 
reservoir, and sags the lines air pipes, the trouble not 
great. 

cleaning long bridge the air has been carried far 900 ft. 
from the reservoir. 3-in. pipe used, and there very little reduc- 
tion the pressure from the reservoir the mixers. 

The operation painting similar that described Mr. Lilly. 
overhead bridges, which suffer from the blast action the loco- 
motive smokestacks, not considered disadvantage have the 
sand get into the raw paint. Two coats are applied, and the portion 
directly over the centers the tracks receives three coats. the 
first well filled with sand the result thick, gritty coat, which has 
considerable power withstand the blast hot sparks from the 
stacks. 

With the engine described, three mixers and nozzles are used. The 
force required generally foreman and six men; three the nozzles 
and three drying sand and feeding the mixers. The writer hasno 
reliable statistics cost. The figures given the paper are fairly 
comparable with average results obtained, but many jobs cost more 
account the difficulty getting the parts cleaned. The 
question simply resolves itself into choice between letting the metal 
waste away its own rate, paying the cost cleaning with the 
sand-blast. Where iron has become heavily scaled locomotive gases, 

brine from beef cars, sea water, simply impracticable 
corrosion any method, known the writer, other than the sand- 
blast. 


THEODORE Jun. Am. Soc. E.—In this paper Mr. Lilly 
has carefully covered the ground, and has left little added except 
practical experiences the same line. number his recommen- 
dations should carried out, and, criticism were made, 
would have said that does not place sufficient emphasis 
some his recommendations. 

The speaker will endeavor relate the experience gained the 
sand-blast cleaning steel onthe Rapid Transit Subway, New York 
City. 
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Owing the magnitude the Rapid Transit Subway work, steel Mr. 


had ordered largely advance from ‘the manufacturers, who 
this case were the American Bridge Company. Such steel columns 
and girders standard size and design were ordered, facili- 
tate the output the mills. Large quantities were received, and lay 
for from eighteen months two years, piled high the streets and 
the yard the foot Forty-second Street, East River. This 
steel was exposed the inclemency the weather for that period. 
When the sub-contractors were ready use the steel was found 
that the paint had worn off considerably, and part the steel was 
corroded. was determined clean and repaint before erection 
such parts were exposed the structure, and all abutting and 
connecting parts which were not embedded concrete. 
Deyo, Am. Soc. E., Chief Engineer for the Rapid Transit 
Subway Construction Company, acting the recommendation 
William Barclay Parsons, Am. Soc. E., Chief Engineer for the 
Rapid Transit Commission, then gave the order the sub-contractors 
clean the steel with the sand-blast. 

Before taking the work detail should stated that the 
various sub-contractors had established air-compressing plants 
their various sections, thus having their line covered with compressed- 
air pipes. 

large quantity steel was piled Canal and Elm Streets, and 
work was commenced there, but was found such nuisance 
the tenants surrounding buildings and traffic that was moved 
down into the partly-finished subway. Here the dirt and sand be- 
came hindrance the workmen, and the work was moved Bond 
and Elm Streets. Here, again, proved such nuisance the 
public and traffic that the operation the blast was confined 
night hours. Work was then carried this point for long time 
until the street was cleared for paving. The plant was then moved 
Forty-second Street and the East River, where, again, work during 
the day was found objectionable the neighborhood, and the 
work now being done night. 

The plant, after being moved Forty-second Street and East River, 
was entirely rearranged, and such way obtain much better 
results than those obtained previously. The size the pipe from the 
condenser the blasts was increased ins., and much greater 
pressure was obtained, thereby largely increasing the quantity cleaned. 
The tanks were about 200 ft. from the power-house. The arrange- 
ments for drying and storing sand ready for use were also improved, 
and the handling was facilitated considerably the use the crane 
lifting and piling the steel. 

Two plants are work: That for The Degnon-McLean Contract- 
ing Company consists four tanks double-row, riveted, extra 
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Mr. Belzner. heavy, ordinary kitchen-boiler, ins. diameter and ft. ins. 


* 


long, the interior arrangement which shown Fig. The 
plant use the Holbrook, Cabot and Daly Contracting Company 
consists two tanks having similar interior arrangement. 

Although four tanks were erected for The Degnon-McLean Con- 
tracting Company, only two are use, rule, the extra tanks being 
kept reserve case any trouble, thereby preventing any inter- 
ruption the work. 

The simplicity the design these sand tanks should recom- 
mend itself engineers, because any mechanic can look after them, 
thus avoiding the use patented devices such described Mr. 
Lilly. 


SECTION SAND-BLAST 


Great care has the selection thesand. That coming 
from the shores Long Island Sound has proved the best for 
the purpose desired. The arrangements made for drying the sand 
consist open brick flue, about ft. wide and ins. high, 
which are placed trays. These trays are }-in. iron, and 
each ins. deep, ft. ins. wide and ft. long. 

Great care should taken drying the sand. should 
turned over continually, which this case had done hand. 
When dry should removed from the pans once, and not allowed 
burn bake, for that case when came into impact with the 
steel would brittle, and, battering into fine dust, would not 
remove the rust. Sand dried properly and carefully can used two 
three times with good results. permanent plant, rotary 
dryer, over fire, supplied with hot blast, could used very 
economically, and the drying would more uniform. 
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section, about ins. diameter, was cut out the crown Mr. Belzner. 


each blast tank and screw cap fitted the opening. This re- 
moved while the tanks are being filled. The sand passed through 
fine wire mesh before being poured into the tanks, that nothing 
can pass through that will tend choke obstruct the valves and 
fittings. 

The outlet for the sand the bottom and center the tank, and 
pipe connecting below with the air-pipe angle 


about degrees. About ins. above the outlet another connection 


made through the side the tank 1-in. pipe extending the 
center the tank, with elbow, the end looking down into the 
outlet. This pipe and elbow are perforated with small holes, and air 
under pressure, and controlled valve, admitted keep the 
sand slightly agitated, thereby facilitating its flow through the outlet. 

The sand flows from the tanks through flexible rubber hose 
ins. internal diameter, the end which attached ordinary pipe 
reducer receive the nozzle; passes out uniform pressure 
lbs. per square inch. This pressure from the power-house 
erected forthe purpose supplying power for the work being done 
Park avenue and Forty-second Street. 

front the tank platform 2-in. timber, ft., was built. 
this the pieces steel are placed side side, and when the upper 
sides are cleaned, the pieces are turned over and the opposite sides 
cleaned. When cleaned, the steel painted, and then removed and 
piled the crane. 

Nozzles extra-heavy, gas pipe, varying from ins. 
length, have been used; but has been found that the 12-in. lengths 
are most effective. The life the nozzles varied with the sharpness 
the sand, the temper ofthe pipe material, and the air pressure, but, 
the average, lasted hours. nozzles were generally worn 
through, about ins. from the reducer, owing the 
the sand leaving the large hose, passing through the reducer and 
then striking the nozzle that point. This condition would suggest 
that special, graduated coupling from hose reducer devised, 
that the sand would pass through rate without meeting 
break, thus avoiding the deflection. 

The force consists who regulates the valves controlling 
air and sand, two nozzle-men who direct the blast (these men had 
wear goggles protect their eyes), two men dry the sand, attend 
the fire and keep the tanks filled, and also, one laborer, who assists 
the nozzle-men handling the hose. 

the yard covered large area and the steel was distributed all 
over it, was question whether would more economical have 
portable blasting machine make stationary and use the crane 
and traveler for the purpose handling materials. was finally de- 
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make the plant stationary and use the crane for collecting and 
subsequently piling the steel. 

The material cleaned consists principally bulb angle-columns, 
T-beams for wall-columns, roof knee-braces, rivets, plate- 
girders, splice-plates, grillage-beams, and angles. Plate XXXVI 
shows girder before and after being cleaned the sand-blast. 

question the advisability cleaning the steel before 
leaves the shops could well taken up. Were the mill scale and dirt 
removed before the steel painted, the protective coating given 
the shops would undoubtedly prove more effective the prevention 
corrosion than the present methods. 

Such adjunct the manufacturing plants, properly laid out, 
could resolve itself into practically first cost. automatic devices for 
drying the sand and then feeding the blast were devised, much 
labor and time would saved. Still more, the nozzles the blast 
could fixed position, and rolling table provided for the 
steel. automatic device for spraying the paint the steel might 
also prove advantage. 

preparing this discussion the speaker had the assistance Mr. 
Fowler, Junior Assistant Resident Engineer, who also furnished 
the data, photographs and drawings. The speaker’s thanks are also 
due Mr. Shannon, Inspector for the Rapid Transit Subway 
Construction Company, for useful suggestions. 

THEODORE Am. Soc. giving any figures 
which can serve basis for comparison with those given Mr. 
Lilly, the cost cleaning some the structural steel for the 
New York Rapid Transit Subway, described Mr. Belzner, will 
necessary state briefly and nearly possible the actual con- 
ditions, rather adverse some cases, under which the work had 
done. 

When became evident that the shop coat paint had been prac- 
tically destroyed long exposure, and that was necessary arrest 
the destructive work corrosion which had set in, the Subway Con- 
struction Company, obedience orders from the Rapid Transit 
Commission, assumed the responsibility the work, and arranged with 
its sub-contractors Sections Nos. and perform the work 
cleaning the steel and replacing the shop coat paint, extra, 
cost plus the usual percentage allowance customary such cases. 
The sub-contractors for Section No. (comprising the Elm Street 
section) are the Degnon-McLean Contracting Company; for Section 
No. (comprising Lafayette Place and Fourth Avenue) the Holbrook, 
Cabot and Daly Contracting Company. The work was done them 
subject the inspection the engineers the Rapid Transit Com- 
mission. 


The work was started hand cleaning, that is, hammer, 


SAND-BLAST CLEANING STEEL. 


PAPERS, AM. SOC. 


PLATE 


APRIL, 1903. 
BELZNER 


BEFORE BEING CLEANED WITH THE SAND-BLAST. 

er, 
AFTER CLEANED WITH THE SAND-BLAST. 
2. 


| 

| 

| ‘ 

4 


Papers.] DISCUSSION SAND-BLAST CLEANING STEEL. 375 


scraper and wire brush. This did not prove satisfactory either 
point cost efficiency, and involved the sub-contractors 
almost continuous controversy with the inspectors. was suggested 
that the sand-blast process used, and view the fact that the 
sub-contractors had compressed-air pipes along the line their work, 
thus facilitating the installation such process, Mr. Deyo, Chief 
Engineer the Subway Construction Company, readily assented. 

the Elm Street section the steel cleaned was piled 
various points along the street. Mr. Belzner has described the attempts 
made locate the sand-blast the various piles steel. Thus, the 
operation the blast had confined one point and carried 
during night hours. The steel had brought the sand-blast, and 
there manipulated hand entirely. The arrangements for drying the 
sand were primitive, owing the temporary conditions the work. 
The first cost installation the blasts, their various removals and 
transfers from one point another, was added the cost, tending 
increase this abnormally. 

the Forty-second Street yard, where the Fourth Avenue steel 
was piled, the conditions were somewhat different. The yard 200 
wide and 700 ft. long, and provided with network tracks and 
traveling crane with flat car for the handling the steel. Here, 
plant little more permanent basis was erected, and the steel 
handled and brought from the various points the yard the 
traveling crane. Although these conditions were more favorable than 
Elm Street, they may considered rather exceptional for such 
work. 

the work Elm Street and the Forty-second Street yard 
about 000 tons steel have been cleaned this process. 

But all this steel was not cleaned over its entire surface; only 
about one-half being cleaned entirely, one-quarter had 75% its 
surface cleaned, and the other quarter about 50% its surface 
underwent the sand-blast process, for the reason that the remain- 
ing surface the shop coat was found good condition. 

the case the work the Forty-second Street yard, the total 
cost, including the repainting, amounted from $3.50 $6.50 per ton, 
the higher cost being due the greater adversities experienced during 
the winter months. the case the work done Elm Street, 
the cost ranged about $1.50 per ton higher. should stated that 
the eight-hour basis for day’s work vogue throughout the sub- 
way work, and that the entire work cleaning and painting had 


Mr. Paschke. 


conducted the open, exposed all the vicissitudes the 


weather, resulting often the necessity reblasting the steel, 
before being able paint it. 

would seem from these figures that the case under considera- 
tion the use the sand-blast did not result any direct economy 
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over hand cleaning. However, the results obtained were infinitely 
superior. The steel, after emerging from the sand-blast, presented 
beautiful appearance, fact, being fit into electro-plating 
bath. 

The experience had here with the usual customary shop coat 
protection for the steel against corrosion before erection seems con- 
firm Mr. Lilly’s contention for the desirability applying the sand- 
blast structural steel the works, after manufacture and before the 
application the shop coat. Notwithstanding the high cost the 
work performed the present instance, which was due exceptional 
and rather abnormal conditions, the speaker fully believes that the 
sand-blast process can used the works advantage, and 
cost not exceeding that given Mr. Lilly. 


Assoc. Soc. E.—Although the speaker has never 
actually conducted any sand-blast work, believes that was his 
suggestion that the sand-blast was used upon the One Hundred and 
Fifty-fifth Street Viaduct some years ago. has, however, been in- 
terested for years this matter the proper cleaning structural 
steel before painting, and can agree fully with what Mr. Lilly says 
about its greatimportance. waste money buy even the 
best paint and spend large sum for labor applying rusty 
surface. 

More than hundred years ago, one the great early English 
engineers—Smeaton—remarked that had observed that rust had 
once started the surface the iron, made difference what var- 


nish paint was applied the surface, the rusting would continue 


progressively under the paint. That conclusion has been 
reached ‘by every man who has investigated the subject honestly and 
disinterestedly. 

Mr. Paschke has stated when the steel had been cleaned with the 
sand-blast was fit into electroplating bath. That right. 
electroplated has clean, down the surface the metal; 
none the oxide scale must left the surface. equally 
true that apply vitreous enamel, such granite earthenware, 
etc., the first place the surface the metal must obtained 
which put the enamel. All such cleaned usually 
pickling. apply varnish enamel, the case bicycle 
frame, absolutely necessary the same thing; otherwise the 
enamel, the electroplate, will come off time, because the rate 
expansion the scale always little different from that the iron, 
and time the scale will loosen up. 

Now, the speaker paint man, and has had experience 
good many years. believes that paint sticks iron exactly the 
same way that anything else does, and the conditions which favor the 
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adhesion other things favor the adhesion paint. neces- Mr. 


sary, ifit absolutely indispensable, all agree, have all these 
other coatings applied the actual surface the metal, and not any 
rust, anything that sort, also desirable apply 
paint directly the iron. 

There are plenty people who think—no doubt many who think 
the oil and paint will mix with the iron rust and 
keep out the air, and that way the corrosion will stopped. 
The trouble with that theory that the paint and varnish are not 
absolutely non-porous. they were wouldbe all right. Neitheris 
cement concrete non-porous, and when the corrosion gets 
way, its action very rapid. That chemical question which 
not worth while discussing now has been beaten over good 
many times, and probably most those who are interested the 
subject are thoroughly familiar with the theory the matter. 

comparatively easy keep iron free from rust when 
clean, but, after the rust has started, very difficult stop 
clean away from the metal. 

The speaker had hoped that this paper might bring out discus- 
sion from somebody who had had experience cleaning iron 
dipping acids, pickling.” course, that not sand-blast- 
ing, but the result what desired. The speaker not aware that, 
this country, any structural metal-work has been cleaned 
pickling, but great deal has been cleaned Europe, some 
many years ago, and being done now, with most excellent results. 
course, the result first-class job pickling just the same 
the result sand-blasting. 

One the advantages the sand-blast, not mentioned Mr. 
Lilly, that leaves the iron not only clean, but dry. The process 
pickling the surface the iron wet, and has dried. 
would difficult apply the process pickling structural work 
place, such erected bridge, anything that sort, but 
would have been extremely interesting have had idea the 
comparative cost cleaning the steel for the rapid transit work 
pickling, compared with the sand-blast. 

There probably thousand times much iron and steel cleaned 
pickling cleaned the sand-blast. There immense 
amount done. Those who are not familiar with the subject have 
idea the extent which practiced, but, this country, 
has not been applied structural steel. 

There feature which did not appear Mr. Snow’s admirable 
discussion. Mr. Snow has really hada great deal experience the 
use the sand-blast bridges, and has told the usually, 
did not clean the whole bridge with the sand-blast, that 
regarded rather expensive. Such parts the bridge are 
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Mr. Sabin. specially liable corrosion are cleaned the sand-blast, and other 
portions, which are not subject deterioration, are cleaned less 
thorough and less expensive manner, for the reason that those por- 
tions which are most liable corrosion will, spite the greatest 
care that can taken, probably rust out rapidly the other por- 
tions with somewhat less care, although, man who 
sufficiently interested the matter sand-blasting not going 
have any poor work done. This feature, however, worth remem- 
bering. 

plant clean bridge, and has all his apparatus and his gang men 
it, and only cleans, say, one-quarter one-third the bridge, 
cannot that quarter third the bridge cheaply per square 
foot could clean the whole bridge, so-that the cost per square 
foot great deal higher than would were cleaning the 
whole work, and for that reason any figures that gets must 
taken with regard that fact. 

reference the possible danger cutting away the iron: Mr. 

Lilly observed that was immensely more difficult, and required 
great deal more power, remove hard compact scale than remove 
ordinary rust. Now, the difficulty cutting away tough, hard steel 
immensely greater than that cutting away the hardest kind 
rust, and the speaker was told—this was not his own experience—by 
the manager the Wolff Bicycle Company, some years ago, when they 
were using the sand-blast for cleaning the frames bicycles, that 
before they purchased their sand-blast apparatus, they were appre- 
hensive about cutting away the metal, because the tubing they used 
was very thin; and test the matter they held piece tubing 
the current from the sand-blast machine for twenty minutes contin- 
uously and then, with micrometer scale caliper, which would show 
thousandth inch, were not able find any diminution the 
diameter the tube. Consequently, they thought that they were 
safe using it; and that the case, not very much 
apprehension cutting away the steel. 

the discussion which has already taken place, except, possibly, 
mention the dangers the misuse the sand-blast. undoubt- 
edly most efficient method cleaning iron, especially where the 
rust badly caked, inaccessible corners and cannot reached 
hand; but where the rust slight, and especially where surrounded 
elastic paint, the excessive use the sand-blast may prove more 
injurious than which itremoves. Thesand-blast will remove the 
rust quickly, but continued long enough remove the elastic paint, 
which requires considerably the parts which were rusted will 
worn deep and pitted, and when the whole surface bright and 
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smooth, and acceptable enthusiastic inspector, more metallic Mr. Seaman. 
iron may have been removed than would the case after several ordi- 
nary coats rust. Furthermore, the naked iron, left the sand- 
blast, will rust much more quickly than when the mill finish left. 
illustration the danger overdoing the sand-blast occurred 
recently, under the supervision ardent, but well-meaning, in- 
spector. Four columns, which had been similarly exposed the 
weather while stored the same pile awaiting erection, were brought 
out and laid side side cleaned the sand-blast. After 
hours the sand-blast two these columns were stripped absolutely 
clean rust and paint, and all sign the original mill surface; 
finished, fact, clean enough for electroplating. The work could 
not have been done more thoroughly performed laboratory for 
experimental purposes. The remaining two columns were then cleaned 
rust and dirt, but all good paint was left on. This required 
minutes, and the columns were left better condition than the first 
two, about one-fourth the expense. 
The theory that iron must cleaned white surface before 
being painted does not seem tenable. The thin coat black oxide 
formed after rolling itself valuable protection, being the most 
permanent form iron oxide, and even when the iron tinted 
brown with rust not clear why the paint which would protect the 
iron from rusting, will not like manner prevent the rust from pro- 
gressing, excepting, course, where the rust thick prevent 
adhesion the paint the iron. Where the sand-blast used 
necessary paint once prevent corrosion. 
Aside from the commercial scientific value sand-blasting, there 
very serious question its effect upon the eyes and lungs the 
operator. Its use connection with bridge shops would seem, not 


only objectionable account its disturbing effect upon the other 
operations, but, already mentioned, would remove the black oxide 
manufacture, which its natural protection. Any scale which may 
formed after rolling quite thoroughly removed punching and 

handling through the shops. 

Tays, Am. Soc. (by writer has mr. Tays. 
noticed that the means drying the sand, described Mr. Lilly, 
were very crude, and the idea suggested itself that they could im- 
The following suggestions may service enabling those 
the profession engaged that work improve upon the present 
practice that line. 
Where temporary plants are required, sheet-iron bed, ft. long, 
ft. wide, wider, made hollow, about ins. high, or, with sufficient 
room for 2-in. steam coil, line, set frame ft. high, 


would the work; the steam coil being used pass the exhaust 
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steam through; or, the exhaust could turned directly into the hol- 
low bed. This bed can made the thinnest sheet galvanized- 
iron, and should have 2-in. flange the sides, but none the ends; 
and might set with slight fall, facilitate drawing off the sand 
with hoe rake the lower end. 

large, stationary plants, cylindrical dryer, the lines the 
Howell-White roaster, the type the ordinary ore-dryer used 
dry-crushing mills, would seem just about the thing. could 
made much lighter material than the ore-dryer and much smaller 
size. 

This dryer revolving cylinder, larger one end than the 
other, and heated wood coal, the heat passing down the cylin- 
der. The sand fed into hopper the small end, and the revolu- 
tions the cylinder, say five per minute, gradually pass out the 
other, thoroughly dried. 

These observations may enable some those who are working 
this line devise economical well efficient sand-dryer; so, 
the object these remarks will have been attained. 


Sabin has called attention the fact that one the great advantages 
the use the sand-blast the dry condition the metal after being 
cleaned it. This certainly great advantage and essential the 
best efficiency the preservative paint. also true that, unless 
the paint applied soon after the cleaning done, moisture likely 
the steel, especially the atmosphere nearly 
quite saturated with moisture. has been urged, therefore, that the 
paint should spread within the shortest possible time after the 
cleaning done, and case should any cleaned surface per- 
mitted remain over night without coat paint Some 
delay, say hours, may permitted when the atmosphere has 
only slight humidity. When the atmosphere surcharged with 
humidity the moisture may gather the steel immediately after 
cleaned. such times cleaning painting should done. 

While, Mr. Snow says, may considered disadvantage 
have some sand get into the raw paint, subjected the 
blast action locomotives; yet screens are sometimes advantage 
prevent too large quantity sand getting into the paint the 
buckets before applied the steel. times the wind may send 
large quantities sand back the painters and the paint become 
filled with sand that rolls under the brush and cannot spread 
properly. not often found necessary, however, use the screens 
between the nozzle-men and the painters. 

The writer admits freely that neither the pan nor the hopper form 
sand-dryer scientific highly efficient. rotary dryer is, 
doubt, good form, where power available and the exhaust steam 
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may utilized; but, Columbus, Ohio, the power was from 200 Mr. Lilly. 


2100 ft. from the places where the cleaning was done. doubt, 
better sand-dryer can devised than any those which have been 
used the work done heretofore. 

Mr. Seaman urges caution against the danger extending the use 
the sand-blast too far and cleaning steel which already good 
condition receive the paint. The same thought was suggested 
the paper, and certainly true that good judgment should 
exercised. The intelligent application the process the cases 
where required prepare the surface the metal that the 
paint, when applied, will adhere properly and give good protection 
against further corrosion all that contended for. For the reason 
that some the paint was still good, some parts the viaducts named 
the paper were not sand-blasted down the metal surface, but rust 
spots only were cleaned away. The parts where rust and corrosion 
have destroyed the paint, and where the paint dead and disintegrating, 
should cleaned thoroughly; and the sand-blast seems the best 
process for such purpose. 

The black magnetic oxide spoken Mr. Seaman nearly all 
destroyed the rusting the metal before the shop work com- 
pleted, save, perhaps, where the thicker scale has formed. That all 
the mill scale removed the processes through which the steel 
passes the shop is, the writer believes, putting the case rather too 
strong. 

Mr. Fowler suggests permitting the metal rust somewhat, order 
remove scale far possible, and then cleaning thoroughly 
before painting. will observed, careful examination old 
structures made, that many cases the mill scale has been covered 
with paint, and corrosion has attacked the steel and loosened the scale, 
making centers from which rust will extend. 

The composition mill scale, or, least, ofits characteristic, porous 
inner layer, makes reasonable expect just such results. Mill 
scale forms two layers, the inner one being represented approxi- 
and brittle. The outer layer contains larger but varying proportion 
Fe, O,. The air and moisture contained this porous scale tend 
destroy the paint spread over starting corrosion. This scale 
magnetic. galvanic action said set around the edges, 
and corrosion commences there and afterward extends under the scale 
and outward under the paint. considered important, therefore, 
that the mill scale removed some efficient means before the first 
coat paint applied. 


q 
q 
q 
q 
7 
7 
| 
| 
: 


Vol. XXIX. 


APRIL, 


AMERICAN SOCIETY CIVIL 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


NOTE THE COEFFICIENT ELASTICITY 
CONCRETE AND MORTAR BEAMS 
DURING FLEXURE. 


Discussion.* 


quite evident, from study the tests concrete and mortar beams 
reported Mr. Falk, that, far they prove anything, they 
prove that the coefficient elasticity concrete mortar does not 
increase materially with age. However well established may that 
the strength mortar made from Portland cement increases with the 
lapse time, not established anywhere, far the writer 
aware, that the coefficient elasticity affected like manner. 
For the practical purposes the engineer, more importance 
know the properties and able forecast the behavior mortar 
and concrete during the earlier stages the hardening process. This 
the critical period, many classes work, when loads must 
borne the structure before time given for advanced degree 
hardening. Nevertheless, all reliable information regarding this im- 
portant structural material worthy record. 

These tests are interest, and afford valuable information, despite 
the fact that the varying mixtures give opportunities for compari- 
son, for average results. This lack comparison leaves many 


Mr. McCaust- 
land. 


*This discussion (of the paper Myron Falk, Jun. Am. Soc. E., printed 
Proceedings for February, 1903), printed Proceedings order that the views 
expressed may brought before ali members the Society for further discussion. 
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points unexplained. the face the record there seems Mr. 


good reason why the beam should show fiber stress 24% lower 
than the beam which contains the greater proportion sand, and 
hence, theoretically least, should the weaker the two. The 
extremely low coefficient elasticity the beam determined 
the tests the half length, also unaccounted for. 

Beam not reported, the full-length test, but the different 
values the coefficient elasticity for and might accounted 
for slight errors reading the The figures for fiber 
stress show close coincidence. With the beam there wide varia- 
tion the coefficient elasticity determined from tests the two 
ends. Why the elasticity should 100% greater than that for 
B,, not clear. Beams and all cases show lower values for the 
elasticity for the second tests, while the fiber stress does not differ 
widely from the value obtained the test. 

The coefficient elasticity computed properly for the elastic 
deformation only, since the inclusion the total deformation any 
case would give false idea the properties the material. How- 
ever, the amount this total deformation matter that should 
taken into consideration, practically, since mass concrete under 
stress changes its character, more less, during the earlier stages 
the loading, and subsequent tests may show materially different results 
from the initial. The intrinsic properties the mass not change, 
but there is, doubt, rearrangement the molecules and redis- 
tribution the initial stresses, which are due hardening, which 
may leave the mass more compact and solid, but, whether stronger 
weaker than before, depends upon the care taken fabrication and 
ramming the moulds, well upon the percentage water used 
the conditions attending the process hardening. may 
interest compare the results with those obtained from neat-cement 
mortars other brands, and hence the following data are presented. 

Table No. gives record results obtained the writer from 
flexural tests number neat-cement mortar beams made deter- 
mine the ultimate fiber stress and the coefficient elasticity. The 
beams were approximately ins. length, and ins. section. 
They were moulded the spring 1902 Mr. Stevens, stu- 
dent the College Civil Engineering Cornell University, and 
were used determining the time initial and final set mortar, 
Briquettes the same mortar were made order test the effect 
varying proportions water the tensile strength; but Mr. Stevens’ 
investigations did not warrant any general conclusion. The beams, 
therefore, when tested, were about one year old, and had been kept, 
after hardening air, the College laboratory, temperature 
about 65° Fahr. the beams were Cayuga Lake Cement, 
brand manufactured near Ithaca, Y., and only quite recently placed 
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the market. The other three bars were the well-known Empire 
Portland brand. 
The span was uniformly ins., and the load was applied the 
center increments lbs. Deflections were measured mi- 
screw, reading ten-thousandths inch. Readings 
were taken for the permanent the bars, after the appli- 
cation and subsequent removal each successive load. 


CEMENT MORTAR BEAMS. 


Cayuga Lake, Empire Portland, 
Average value of = 814700 lbs. per square Average value of =1,240,300 per 
Stress in outer fiber = 262° @ Stress in outer fiber = 


0,604 0,006 0 0,004 0,006 0.008 0,004 0.0060.0050.010 0 0,004 0,006 0.0080.010 0.012 0 0,004 0.0060.008 0 0,004 0.006 0.008 0.0100. 012 
Deflections at Center, in inches. 


The diagrams Fig. show, Mr. Falk’s experiments, the 
curves permanent and elastic deflection; the intercept between these 
two curves any the value taken for the deflection from which 
compute the coefficient elasticity. and the value 
the elasticity, was computed for central loads lbs., while for 
Beams and the central load was 120 lbs. 


TABLE No. 


ins. Load center. Age year. 


Per- SECTION Coefficient 
inch. 


square 


Cayuga Lake. 
“ 


Empire Portland. 


WW WWW 


“ 


180 
60 “ae J | 
Brand. 
ure, q 
180 235 600 000 238 
235 360 582 000 618 
31.8 190 305 920 000 452 
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quite noticeable that the values the coefficient elasticity Mr. 


and the extreme fiber stress for theEmpire Portland beams range fairly 
close those recorded Mr. Falk, although these are neat-cement 
mortar instead mixture 1:2 1:3. possible, but scarcely 
probable, that greater age these beams would have developed 
greater strength and greater degree stiffness, with consequent 
rise the value 

submitted, however, that these tests, likemany others reported 
various papers, are altogether too few warrant definite conclu- 
sions. The percentage water used and the extreme fiber stress 
seem vary inversely, but this means established 
relation, except possibly for certain extremes. There here field 
for very definite and extended series experiments with standard 
American brands cement. 

addition the preceding—not the form discussion, but 
new matter more less related—the results certain tests con- 
crete and mortar columns are here presented. 

These columns were constructed the writer February and 
March, 1900, the laboratories the College Civil Engineering 
Cornell University, where they were tested, under the direction 
Professor Crandall, Am. Soc. E., with Mr. 
Johannsen, Instructor Civil Engineering, direct charge the 
work. 

The cement used was Alpha brand, taken from fresh supply pro- 
vided for use the cement laboratory work the college. The usual 
tests did not show any abnormal qualities. The sand was clean, 
fine, and not especially sharp, bank sand from Fall Creek. careful 
test the sand grains determined that the size 60% the total 
weight was less than 0.081 in., while 10% was less than 0.044 in. 
Adopting Hazen’s method recording sizes filtering sands, the 
uniformity coefficient 1.84. The stone was sandstone, varying 
size from in. ins. 

The columns were circular, ins. diameter and ins. long, 
constructed wooden forms made narrow staves held together 
yokes, which served the purpose hoops. The cement and sand were 
mixed dry and the stone added. The least possible quantity water 
was used, that forms were rammed full, very little moisture 
appeared the surface, and there was quaking the mass. The 
forms were removed after hours, and the columns remained the 
basement the College building until tested. 

The temperature this basement did not vary any time widely 
from 65° Fahr. The columns were watered interwals about four 
days untilthree months old, after which water wasapplied. The tests 
were made Riehlé 400 machine, and shortenings were read 
from micrometer rods placed between yokes held the column 
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Mr. set-screws. Two rods, opposite sides the column, were provided, 
and. 


and contact was determined electric bell. times the microm- 
eters read widely different opposite sides column, probably 
due local weaknesses, but all cases the mean the readings was 
taken from which determine the amount shortening. The initial 
load was taken throughout Ibs., which gave unit stress 124 
Ibs. per square inch. all columns, except Nos. and the 
loadings were repeated five times before advancing higher values, 
the micrometers being read each application and release. 

The diagrams Fig. show the stress and strain curves under the 
first loadings and also after repetition the loads, together with the 
permanent-set curves for the same conditions. The coefficient 
elasticity computed for the elastic deformation 500 lbs. per square 
inch, except for the three mortar columns, Nos. 17, and 19, which 
are computed load 000 lbs. per square inch. The reason for the 
abnormal set shown Column No. with the accompanying high 
coefficient elasticity, not clear, and the mean value for the 
1:2:3 mixtures determined using the values derived for Columns 
Nos. only. The 1:3:4 group gives fairly uniform results. 
1:3:5 mixture gives less uniform results, but still within reason- 
able limits. 

Owing the slipping the micrometers Column No. 10, the 
stress and strain diagram for this specimen could not plotted. 
This was true, also, Column No. 16, the 1:2:5 group. Column 
No. gives unusually low, No. gives high, value but 
these wide ranges value are almost certain develop tests upon 
low concrete which the aggregate bears such large pro- 
portion the total volume. Where the matrix (cement and sand 
mortar) but slightly excess the volume voids the aggre- 
gate, almost impossible get homogeneous mixture and 
preserve the homogeneity the mass while being placed posi- 
tion and rammed. Segregation bound occur, with resulting 
abnormal qualities, made evident many tests. 

The low unit stresses developed the 6-in. cubes are doubt due 
the difficulty moulding such block fairly representative 
material. The writer believes that concrete cubes for crushing tests 
should never less than ins. edge, and, preferably, There 
wide difference between the results obtained from crushing tests 
12-in. and 6-in. cubes made from the same batch concrete. 
Any form test, concrete specimen, loses value, unless the 
specimen can assumed, without question, fairly representa- 
tive character. Hence, two general principles should govern the 
preparation the material for testing: 

First.—Acquire and place record complete and comprehensive 
knowledge every item which might determine affect the physical 
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CONCRETE AND MORTAR COLUMNS. 


Cement sand broken stone 
Average value of E =1, ) Ibs. per square task, 1500 
ultimate stress = “ 1400 
Co No. + No. Column No, 


value of 5 lbs, per square inch. 


1200 
1100 


roken stone 5, Cement 1; sand 2; broken stone 5. : Mortar Column. Mortar Column.} Mortar Column, 


1100 Average value 0 lbs. per square inch j ge —- - = Cement 1; 
2 value of Cement 1; sand 4. sand Cement 1; sand 3, 


umy 


Load in Pounds per square inch, 


20 40 60 0 20 40 60 0 20 40 GO O 20 40 60 80 100 120140160 0 20 40 60 80 100 0 20 40 GU 80 OU 20 40 GO 80 100 0 20 40 GO 0 2 0 60 80 
Deformations, in ten-thousandths of an inch, 
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Mr. McCaust- mechanical properties the specimen. Character, composition, 
quality and form, well proportions and methods fabrication, 
should form important part the history test specimen. 
mind the practical limitations commercial use, 
and avoid, possible, the wide gaps which too often exist between 
laboratory results and those which may reasonably expected the 
field 


TABLE No. 


| 
| 


stone 3. 3 13 98 300 80.8 1 215 | 3 C60 000 ly atl 
if 5 | 10 120 000 | 80.8 1 484 | 1 100 000 
stone 4. H va | 14 98 000 79.3 1 230 | 1425 000 |} 1 43 
8 il 126 600 81.5 1 550 | 1 441 000 | § Pe 
l| 12 14 90 000 76.8 1470 | 1 050 000 
stone 5. 15 14 118 300 81.8 1 450 | 1 372 500 
16 23 | 137000 1 680 |Not ‘deter- 1 090 
mined. 
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THE PANAMA CANAL. 


Discussion.* 


relating the Pacific terminal the canal has interested the speaker 
very much, and would like suggest the author that should 
discussed further. 

The length the canal approximately miles, and the 
coastal plain the Pacific Coast about miles width. may 
assumed that the distance thus taken measured from mean high 
water the Pacific Coast mean high the Atlantic Coast. 
The City Panama situated point, and its elevation but 
few feet above the Pacific Ocean. extreme low tides, there ex- 
posed mud flat extending into the ocean miles, possibly 
greater distance. Coast line vessels anchor near the three islands 
which are from miles from the Panama dock. The terminal 
the canal about miles along the shore above Panama. 

The speaker visited this section country 1896, and remembers 
discussion, the day was this terminal, relating the direction 
and distance from the shore line deep water, the width and depth 
excavation, and the method proposed for protecting the banks, the 
probable cost this section, what action the winds and waves would 
have the banks the canal, and how much dredging would re- 
quired annually this section the 


*Continued from March, Proceedings. See 1908, Proceedings, for 
paper this subject George Past-President, Am. Soc. 


Jun. Am. Soc. E.—That part the discussion Mr. Crane. 
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Mr. Harrison has mentioned this portion the canal, but only 
the depth advisable permit vessels (especially war ships) 
enter the canal extreme low tide. 

further discussion the Pacific terminal, members who 
understand the conditions and have had access the plans and esti- 
mates, would very interesting and beneficial. 


Boyp Assoc. Am. E.—As usual, Mr. Morison, 
his statement facts, has left little said. the discussion, 
however, certain statements have been made which not agree with 
the speaker’s knowledge actual conditions observed the Isthmus 
various times years service the surveys and canal work. 

The Chagres not subject great scouring action, and there can- 
not many the dangers predicted regarding the silting the 
channel. Above Alhajuela the Chagres simply mountain stream, 
running part the way through rocky gorges. The soil not 
lava ash, has been assumed, but clay held place the rank 
vegetation the tropics. Below Alhajuela and nearer the canal 
location there some alluvial soil, but great extent, and this, 
the case lock canal, would form part lake bottom, and 
would not affected the slight current which, Lake Bohio, 
even the great floods will reduced. 

Although the lock plan provides certain solution the flood 
problem, the use the Gigante Weir, the question often asked, 
not divert the Chagres the oceans”? This was examined 
closely enough the Panama Canal Company show that there 
were evident possibilities that line. Surveys were made find 
the shortest tunnel line possible, but the results gave hope 
anything feasible and economical, and the idea was abandoned. 

The Tiger Hill cut-off undoubtedly has some merits not possessed 
the river line, and these, stated Mr. Morison preliminary 
way, will lead probably its thorough examination the future. 
could not incorporated the careful and conservative report 
the Isthmian Canal Commission, said, account the lack 
data. This will not against future study, and its merits and 
disadvantages will doubt weighed properly the Commission 
before actual construction started. 

The solution the canal problem the construction sea- 
level canal has never appeared the speaker engineering 
tion, engineering usually defined. There have never appeared 

any compensating advantages for such excessive extra expendi- 
ture money and time, and none appears have been stated clearly 
and sustained. 

Nature, through the tides, makes one lock necessary, and that, dur- 
ing most the time, the check the canal’s usefulness, surely 
more locks, provided they are good order. The time gained 
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doing away with the locks insignificant comparison with that Mr. 
required for the long journey around The Horn which the lock canal 

will save. cannot have any recognizable far can 

seen the future. When has such value, probably canals will 

not necessary, and the air, instead the water, will the high- 

way communication. true that locks are likely deranged, 

but should not, engineer’s work, likely fail; besides, 
precautionary measure, the plans the Commission provide for twin 

locks. 

The question sea-level canal not imminent one, 
perfectly feasible cut lock canal sea-level canal any 
time the future, desired; and can safely left the en- 
gineers the future decide whether sea-level canal required. 

seems that all the schemes for the control the Chagres rela- 
tion sea-level canal were never worked out detail. There was 
much procrastination this problem the French Company, and 
their tardy plan, after the failure the first company, has never re- 
ceived any very enthusiastic encomiums from the engineers who have 
reviewed it. 

sea-level canal would exposed all the troubles produced 
the great floods the Chagres, with little chance for any protec- 


‘tion. One scheme for the control floods, however, would the 


Tiger Hill location, which would take the canal out the part 
the valley and into safe position from Bohio Colon. 

The decrease the height the locks would seem desirable 
contrasted with the loss time incident the operation extra 
lock, proper measure conservatism, provided serious diffi- 
culties were encountered its construction. 

Another point that decreasing the cost the Pacific side 
taking advantage the tide. This would seem proper 
utilization Nature’s forces--as much switch-back over 
mountain before railway built through it. Why nottry it? 
few hours time are nothing compared with the days steaming 
the Oregon. Whenthe demand becomes imperative, few hours 
saved would mean proper return the outlay, then build deep 
such value will justify. 

the case fleet, the rare case war, being disad- 
vantage divided the fall the tide, appears that the enemy 
would great trouble; however, that very remote contin- 
gency. 

Burr, Am. E.—In this paper Mr. Morison mr. Burr. 
has, among other things, set forth deserving prominence some the 
salient features the Isthmian Canal Company’s plan for the Panama 
Canal and his proposed modifications them, which latter were also 
mostly, not entirely, fully considered the Isthmian Canal Commis- 
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Mr. Burr. 


sion. There obviously little delicacy entering into the discus- 
sions much detail which took place the Commission regarding 
these other matters, and the purpose consider, 
any member the Society may, the salient engineering features 
the matter. may said with propriety that the shortened line 
between Bohio and Colon was considered carefully the Commission, 
but only limited examination was given the field. This line 
old one, and was probably first proposed Commander 
Lull, possesses undoubted merits, and worthy care- 
ful consideration before final construction undertaken, but dis- 
cussing this feature this time two things are carefully borne 
mind; the first the incompleteness the actual examinations 
made this shortened route, and the second the fact that large 
amount work has already been done the French line between 
Bohio and Colon. hazardous make exact prediction cost 
the absence necessary information which base it. Appar- 
ently, comparatively small amount money might possibly saved 
adopting the Lull line, but that cannot stated confidently 
the absence complete borings and other requisite examinations. 
serious, but not insuperable, objection the considerable amount 
embankment necessary between Bohio and Tiger Hill. These embank- 
ments may reach the height ft., and possibly little more. While 
such embankments may made safe, and are entirely justifiable 
under conditions such those existing connection with the 
Nicaragua route, they certainly are not desirable, and they should 
avoided unless necessity exists for them, adequate compensating 
advantages are attained. 

Again, the adoption this shortened line and the Tiger Hill locks 
involves the loss time vessel traversing the canal necessary 
make the additional lockage. the gain distance only about 
miles, the increased time required pass the lock would far more 
than that necessary make the added distance the French line. 
The introduction the additional lockage, therefore, would 
sensible loss time passing through the canal, fact, great 
loss time increase materially the time passage over that 
required the adopted line. other words, for the purposes 
navigation, the canal would actually lengthened the Tiger Hill 
line and lock. The additional lock would also increase the oppor- 
tunities accident the lock gates, with the added chance destruc- 
tion the short Tiger Hill level the Bohio gates 
suddenly releasing the lower-lock volume water. 

the work constructing the canal were begun 
entirely new project, not unlikely that the shortened line between 
Colon and Bohio without lock might preferable that which 
much has now been completed. With the conditions actually 
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existing, however, the speaker’s judgment that complete examina- Mr. Burr. 


tions along the shortened Lull line would show little differ- 
ence cost completion. 

true, Mr. Morison states, that the locks planned the 
Isthmian Canal Commission are larger than those which have ordi- 
narily been constructed, and yet such locks those built Sault Ste. 
Marie save the construction the Isthmian Canal locks from being 
violent departures from precedent, even with their material increase 
lift. The massive masonry construction and other large features 
these proposed locks would probably frighten few civil engineers, nor 
they involve sufficiently difficult operations either design con- 
struction make necessary incur the construction extensive 
embankments avoid them. not unlikely that many, not 
most, engineers would prefer avoid the embankments resorting 
locks high lift. 

has been shown, the discussion proposed plan for the 
Bohio Dam Mr. Morison, that the consideration seepage involves 
about great uncertainties can ordinarily attached engineer- 
ing speculation, and, indeed, that quantitative results can pre- 
dicted confidently regard it. Hence scarcely required 
give detailed consideration such feature the work. may 
stated, however, that not quite clear how the seepage under dam 
Bohio placed porous material would affected the proposed 
Tiger Hill level. The total head between the surface the water 
Lake Bohio and that the river-bed below the dam, dam and canal, 
would remain unchanged, and the seepage through such open and 
porous material would depend upon that head could modified 
only the slightly lengthened seepage channel. The amount see- 
page, therefore, cannot reasonably supposed changed sensibly 
this feature. Some recent experiences the speaker, connection 
with the seepage flow water through fine sand, fine sand and 
silt, have impressed him marked manner with the danger attend- 
ing the dam built porous material, which 
pointed out his discussion Morison’s paper Bohio 

There are two other features the modified canal plan brought 
out Mr. Morison which may treated largely one, namely, 
decreasing the depth excavation the Culebra Cut ft. and the 
depth excavation the entrance channel Panama Bay ft. 
The proposition raise the bottom the excavation Culebra Cut 
ft. Elevation 50, instead retaining Elevation 47, 
recommended the Commission, would trench seriously upon the 
capacity the canal for ships the greatest draft. Obviously, 
must recognized that far the great majority ships passing 
through the canal will have considerably less than the maximum draft. 
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Mr. Burr. the same time also remembered that the purpose this 
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canal construction, expressed the language the law which 
the instructions the Commission were based, afford accommoda- 
tion for the greatest ships afloat. only reasonable suppose 
that this expression meant complete accommodation and not partial 
accommodation during some seasons the year stages the tide. 
This restriction the canal would lead seasonal restriction navi- 
gation capacity, which, however, might partially compensated 
relieved the construction the Alhajuela Reservoir. 

The decrease depth ft. the Panama Channel would 
daily restriction navigation capacity, since the throttling effect 
the diminished channel depth would occur every tide. For one- 
fourth the entire time the canal would shorn its greatest 
capacity. Even admitted that the maximum delay any ship 
would not more than hours, there are conditions under which that 
might serious. This consideration carries with greater gravity 
that would affect the largest ships. 

These features were considered most carefully the Commission, 
but seems the speaker that the decision plan possessing 
the maximum prescribed capacity was wise and should not departed 
from. Ifthe United States Government complete great canal 
across the Isthmus for the purpose affording the freest waterway 
for ships, the accommodations provided should subject 
throttling other substantial restriction diminished canal depth 
its central portion either extremity. Such material disad- 
vantages would constitute objections serious that the demand 
relieve them would probably follow closely the opening the canal. 

The practicability sea-level canal across the Isthmus Panama 
much more real than has ordinarily been considered, Mr. Morison 
shows, and indicated clearly the report the Isthmian Canal 
wise make the canal prism such area section receive 
the flood waters the Chagres modified the storage resulting from 
the construction the Alhajuela Dam. The question the area 
the prism reality the greatest single question involved the sea- 
level plan, and whether area section even 000 sq. ft., men- 
tioned Mr. Morison, would not yet determined. 
Further, serious question whether, even with additional 
expenditure $125 000 000 more, and the greatly extended time 
required for construction, not the part real wisdom for 
the United States Government undertake once the sea-level plan, 
rather than the elevated plan, with its advantages reduced cost and 
shortened time. 


Mr. Morison. Past-President, Am. Soc. (by letter).— 


The question lift locks one which the writer feels more 
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doubt than does about any other point. 
means more gates and more possible risks; increases the time 
passage the time necessary pass through the additional lock. 
The additional risk not serious, since the destruction gate 
the Tiger Hill lock would not affect the water the summit level, 
and the gate could readily replaced. Furthermore, keeping the 
lifts the locks practically uniform throughout, the number spare 
gates which must kept hand for repairs and renewments, would 
reduced. The time required the extra lock does not appear 
material importance. The time required pass through the 
canal will matter convenience meeting points more than 
close speed. many vessels possible will meet 
Lake Bohio, and under any plan will take longer pass from 
Panama Bay Lake Bohio than from Colon Harbor Lake Bohio. 
The total distance from the shore end the enlargement for 
Colon Harbor the shore end the wide channel through the mud 
flats Panama Bay miles. This divided into two canals 
lake more than miles long the middle; miles 
canal navigation, not including locks, lie between Colon Harbor and 
the lake; little more than miles canal navigation, not includ- 
ing locks, lie between Panama Bay and the navigation 
these two canal sections which will regulate the passage across the 
Isthmus. While the speed steamers through the canal will vary 
with their size, the time which ship mean dimensions would take 
pass through these two sections may estimated follows, the 
speed the canal being taken five miles per hour: 


Colon Harbor Tiger Hill lock, 7.28 miles.. hour minutes 


Tiger Hill lock Bohio locks, 5.73 


4hours minutes 


Panama Bay Miraflores lock, 4.15 miles. minutes 


Pedro Miguel double locks................. 


4hours minutes 


This time could reduced for smaller vessels; will exceeded 
the largest vessels. may said, general way, that the 
time required pass from either ocean into the interior lake will not 
less than four hours, and should not exceed five hours, except 


The addition the third Mr. Morison. 


lock Pedro Miguel locks, 1.34 
Rare 
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Mr. Morison. for the very largest class ships. these figures should added 


the time required pass through the lake and the time lost Colon 
Harbor Panama Bay. would, perhaps, fair add hour 
for each these terminals, and hours for the passage the lake; 
this would make the total time required for the passage the canal 
from 10.5 12.5 hours. 

Many steamers would take coal Colon, and all would have stop 
atthe entrance port pay tolls, take pilots, etc. There abund- 
ant room tie vessels inthe broad harbor section the Colon end. 
Thereis abundant anchorage Panama Bay, the the canal 
this anchorage being determined the size the ship and 
other considerations. There ample room for ships anchor Lake 
Bohio, where they could get fresh water, and, necessary, make 
slight repairs. Itis not probable that either section canal would 
traversed night, except the smallest class vessels and 
emergencies. Ships would prefer enter the canal from 
about daylight soon after noon. Ships entering the morning 
would make daylight passage, meeting Lake Bohio. Ships enter- 
ing after noon would spend the night Lake Bohio and pass out 
the following morning, proceeding under despatch orders and meeting 
the inbound ships the locks. The Tiger Hill lock will approxi- 
mately half way between Colon and Lake Bohio, and the Pedro 
Miguel locks are approached about the same length time from the 
lake and from Panama Bay. 

The intermediate level would reduce the seepage head between the 
lake and the level below the dam one-third, and increase the distance 
through which seepage must pass between the lake and the lower 
level the Chagres least three times. The estimated seepage would 
therefore reduced one-third. The writer, however, considers that 
this question seepage was covered the discussion the previous 
paper,* and does not believe that this reduction would suffi- 
cient advantage have any important bearing the main question. 
The saving distance the use the Tiger Hill line also little 
value, but the saving curvature more important. The great ad- 
vantage this location, however, keeps away from the low 
valley the Chagres places where the exposure greatest. 

small map has been prepared showing detail the present course 
the Chagres, and the two swamps through which the overflow the 
spillway must taken the old location followed, and indicating 
the land which less than m., ft., above tide Below 
the dam the Chagres longer follows its old bed, but for five miles 
runs through the canal, its old crooked course having been silted up, 
and from this five miles must excluded the French location 


The Bohio Dam.” Transactions, Soc. E., Vol. XLVIII, 235. 


+This map not received time for reproduction here; will appear with this dis- 
cussion when printed Vol. Transactions. 
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adopted. the lower location adopted channel must cut Mr. Morison. 
through the ridge between the two swamps, and the canal must 
protected levees for least five miles. This undoubtedly practi- 
cable and can made safe, but safety always measure degree. 
The levees built for this purpose, which would exposed the 
wash flooded river, would more serious matter than the risk 
the small embankments required sustain the canal the Tiger 
Hill location. The latter embankments would exposed such 
wash, and the spoil from the canal would enough make them sev- 
eral hundred feet thick. Furthermore, the indications are that would 
cost less build the Tiger Hill line tide level the Bohio Locks 
than complete and protect canal the original location. The 
writer, however, favors the intermediate lock. 

The proposition raise the bottom the canal through the 
Culebra Cut ft., described the paper, would not necessarily 
affect the use the canal for ships the greatest draft. The depth 
ft. was selected allow ships drawing ft. pass easily 
through it. the precedent the Manchester Ship Canal fol- 
lowed, ships drawing ft. could always handled, although would 
hard The writer, however, did not propose reduce 
the depth through this summit level, but suggested that there were 
other methods maintaining it, besides increasing the depth this 
cut. The cost the Alhajuela Dam will differ but little from the cost 
this 3-ft. additional excavation, and will provide much greater 
supply water. the construction this dam postponed until 
the completion the canal, the cost building railroad the dam 
site will saved, can then reached water, and other 
economies, which attend the postponement work until the rush 
over, can realized. not improbable that all the necessary 
water can stored the use flash-boards, one the cheapest 
devices ever made. 

The principal objections raised reducing the depth the Pacific 
level relate military rather than commercial conditions. Itmust 
remembered, however, that the largest merchantmen to-day are 
twice big the largest naval vessels, and that there are practi- 
cally naval vessels which draw over ft. Furthermore, 
fleet consists entirely the heaviest class ships, but every 
fleet contains number comparatively light-draft boats, used 
for despatch service and other purposes. assume that 
entire taken through the canal once, very improbable sup- 
position, the heavy-draft fighting ships will either precede follow 
the light-draft ships, according they expect encounter hostile 
fleet front behind them. would take approximately 
hour pass from deep water Panama Bay the Miraflores Lock. 
Assuming six hours the length time from mean tide mean tide, 
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Mr. this would leave five hours for the passage the locks, which, allowing 


half hour for each passage, special preparations being made, and 
using both locks, would enable 20-ft. deep-draft fighting ships pass 
from Panama Bay into the canal single tide. not probable 
that number deep-draft ships will ever concentrated 
single fleet. 

the writer’s opinion that the advantages offered Lake Bohio 
interior lake which divides the transit into two short canals more 
than make for the delays and limitations thelocks. 
est argument favor the tide-level canal the vulnerability the 
locks. time war the canal might closed entirely small 
guerrilla force. accident, which heavy steamer carried away 
the gates lock, occurring near the beginning the dry season, 
might lead the depletion water the lake such extent that 
navigation deep-draft vessels would impeded for several months. 
such accident could occur the single tide lock required for the 
tide-level canal. The danger from malicious destruction may 
neglected, the same harm could done various ways, although 
not easily, tide-level canal. The gate must kept safe 
constant care, and undoubtedly some device can made which 
the discharge through the locks, when the gates are broken, can 
stopped. Although the writer would prefer tide-level canal when 
completed, believes that would serious mistake undertake 
the tide-level plan once. 
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DECEASED MEMBERS. 


will reproduced the Volumes Transactions. Any informa- 
tion which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final publicatior. 


THOMAS CURTIS CLARKE,* Past-President, Am. 


1901. 


Thomas Curtis Clarke, the youngest son Samuel Clarke, 
Boston, Massachusetts, was born September 5th, 1827, Newton, 
Massachusetts. tradition that his earliest known ancestor, 
Thomas Clarke, came over the Mate.. 
so, went back England that vessel, for arrived the next 
year passenger the and settled Plymouth. wasa 
man some note, and several his personal belongings are 
seen among the relics preserved Forefathers Hall that town. Mr. 
Clarke’s grandfather, Major Samuel Clarke, Boston, married Martha, 
daughter Obadiah and Martha Curtis, members prominent 
Boston family. Mr. Clarke’s father was man varied talents, both 
scientific and artistic, and his mother was daughter General 
William Hull, Revolutionary fame, and first cousin Commodore 
Isaac Hull, commander the frigate Constitution (Old when 
she destroyed the English frigate Guerriere. 

Mr. Clarke had four brothers and one sister, the best known 
them being the Reverend James Freeman Clarke, Unitarian preacher 
and author, named for his grandfather, the Reverend James Freeman, 
who married Martha (Curtis), the widow Major Samuel Clarke. 
was from such antecedents that Mr. Clarke inherited the literary and 
artistic tastes which characterized him, and which were second only to. 
his engineering ability. 

Mr. Clarke’s early training was given his grandmother, Mrs. 
Freeman, with whom lived while says her: 
taught read and speak the She may also have taught 
him his characteristic modesty and self-effacement. From 1841 
1844 Mr. Clarke fitted for College the Boston Latin School, under 
the famous Master, Francis Gardner. the latter year entered 
Harvard, and was graduated the summer 1848, which occasion 
officiated class poet. 

Mr. Clarke had intended study the Law; but, being delicate 
health that time, decided adopt the profession Civil Engi- 
neering. obtained position the Engineering Corps the 
Mobile and Ohio Railway, under Captain John Childe, the foremost 
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railroad engineer the day. Here learned the practical work 
railroad location, and here remained until June, 1849, when severe 
attack fever compelled him return Boston. During that fall, 
while waiting for another position, studied architecture, the office 
Cabot, Boston, gaining knowledge that profession, and 
mechanical drawing, that was service him later. that time 
there were schools engineering, and young engineers had 
obtain their technical education best they could. 

Early 1850 secured position draughtsman under Mr. 
Shanly, Resident Engineer the Ogdensburg and Lake Champlain 
Railway. Whenthe work with which was connected was completed, 
returned the Mobile and Ohio Railway, and took charge one 
the parties locating that road. This work lasted until September, 
1851, when Mr. Clarke went St. Louis and afterward Chicago, 
which city his mother and two his brothers were then living. 
While Chicago studied the office Edward Burling, 
eminent architect that city. this time, the request William 
Ogden, public-spirited citizen, Mr. Clarke made design fora 
tunnel under the Chicago River. 

October, 1852, accepted position under Mr. Benedict, Chief 
Engineer the Great Western Railway Canada, Resident Engi- 
neer the Second Division, which extended from St. Catherines 
Dundas and included much heavy work and the shops Hamilton. 
His assistants were Amory Dexter, Boston; Thomas Ridout, 
Toronto, and Augustus Bacon, from the Ogdensburg and Lake Cham- 
plain Railway. was here that Mr. Clarke gained his first experience 
foundation work which was successful afterward. After 
the completion and opening the road, 1853, Mr. Clarke went 
Port Hope, Ontario, Canada, Assistant Engineer, under Mr. 
Benedict, the Port Hope and Peterboro Railway. This road was 
finished 1856, when Mr. Clarke and Mr. George Tate, one the 
engineers the Grand Trunk Railway, took lease and operated 
private enterprise. 1858 the directors the railway broke 
their contract and took the road from Messrs. Clarke and Tate, who 
recovered damages after suit lasting about year. 

November, 1858, Mr. Clarke was put charge one the 
three divisions the Government Survey the Ottawa River, his 
work covering French River, Lake Nipissing and the Mattawan. His 
experiences the field during the severe Canadian winter were 
most interesting, and his work was done well and promptly 
that was placed charge the entire survey. The thorough- 
ness his work shown the fact that twenty-five years 
later, when the Canadian Government improved the Ottawa River, 
they adopted Mr. Clarke’s plans and his exact location for lock and 
dams Carillon, the head the Lake Two Mountains. 
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the fall 1869, Mr. Clarke, partnership with Ralph Jones 
and Edward Haycock, took contract for building the two Govern- 
ment Departmental buildings Ottawa. Among other materials 
needed were iron beams, and purchase these Mr. Clarke visited 
England March, 1860. There made the acquaintance many 
distinguished men; among others, William Fairbairn. was abroad 
about two months, returning Quebec Allan Line steamship. 
Sir Hugh Allan had been urged start his ships from Galway in- 
stead Mobile, North Ireland, and sent one them try 
the harbor. was her that Mr. Clarke sailed, and thus was 
one the few who ever sailed from that port, the one trip 
demonstrated its unsuitableness. The Ottawa buildings were finished 
1866. 

About the end the same year Mr. Clarke was engaged build 
bridge over the Mississippi River Quincy, Illinois, for the Chi- 
cago, Burlington and Quincy Railway. This was the first iron bridge 
built across that river, and the securing stable foundations pre- 
sented many difficulties. The entire bridge was completed two 
years without employing any contractors except for furnishing the iron 
superstructure. This was removed later and heavier one substituted, 
account the great increase modern trainloads; but change 
was needed the old piers. 

the fall 1868 Mr. Clarke moved New York City, where 
formed partnership with Charles Kellogg for furnishing and building 
iron structures, under the name the Bridge Company. 
the spring 1870 moved Philadelphia, and formed new firm 
under the name Clarke, Reeves and Company. Mr. Clarke was the 
senior partner, and his associates were Samuel Reeves, John Griffen 
and Adolphus Bonzano, Pennsylvania. The firm 
Clarke, Reeves and Company was one the leading bridge builders 
the United States, and, among other works, constructed the 
Girard Avenue Bridge, over the Schuylkill Philadelphia, many rail- 
road bridges the United States and Canada, the Kinzua Viaduct 
the Erie Railway, and large part the Elevated Railway system 
New York City. 

Mr. Clarke severed his connection with this concern 1883, and 
the next year became one the original members the Union 
Bridge Company, with offices New York. During his connec- 
tion with this concern, built the Hawksbury Bridge Australia, 
(the contract for being taken competition with the whole 
world), and the Poughkeepsie Bridge over the Hudson River. 
building both these bridges the foundation work was very difficult, and 
Mr. Clarke’s great experience matters stood him good stead. 

Mr. Clarke retired from the Union Bridge Company late 1887, 
and during the remainder his life carried business Consult- 
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ing Engineer. also traveled much, and was prominent among the 
members this Society when they visited Europe 1889. was 
consulted Henry Whitney, Boston, regard the elevated 
railways that city, and also connection with mining development 
work Nova Scotia. was Consulting Engineer for the City 
New York building the Third Avenue and the Willis Avenue Bridges, 
being responsible for the design and construction them. These were 
his last works, and died June 15th, 1901, New York City, 
after brief illness. 

Mr. Clarke was elected Member the American Society Civil 
Engineers March 18th, 1868, and Fellow May 20th, 1872. 
served member the Board Direction for the year beginning 
November, 1878, and Vice-President from November 2d, 
November Ist, 1871. From January 15th, 1896, January 20th, 1897, 
Mr. Clarke was President the Society. was Member the 
American Institute Mining Engineers, the American Society 
Mechanical Engineers, and the American Philosophical Society 
Philadelphia. was one the first the American members 
the British Institution Civil Engineers, and the only American engi- 
neer who ever received both the Telford Medal and Premium, they 
being awarded him for paper, written 1878, The Design 
Generally Iron Bridges very Large Span for Railway 

Notwithstanding his modesty and retiring disposition, Mr. Clarke 
was very popular. was member many clubs and associations 
different parts the country, and New York City was member 
the Union, Century, Harvard, Manhattan, St. Andrew’s Golf and 
other clubs. contributed many professional papers the various 
engineering societies which belonged. wrote the article 
Engineering” for ‘‘The Progress the Century,” published 
1900, which men eminent other branches knowledge also con- 
tributed articles. 

the Minutes Proceedings the British Institution Civil 
Engineers, Sir Benjamin Baker writes thus: 


The death old friend Mr. Clarke will sincerely lamented 
many British engineers, for one has done more than pro- 
mote the cordial brotherly relationship which now happily exists 
between American and British engineers. also severs one more link 
with the past, for Mr. Clarke’s early experience with bridge building 
was the days when there was hardly one point resemblance be- 
tween American and British wrought-iron bridges, the former being 
modeled after the type the original timber-truss construction and 
the latter that the cast-iron shallow-girder system. Mr. Clarke 
sometimes said that shuddered when thought some his 
early bridges, with long, slender cast-iron posts, slight lateral bracing, 
and totally inadequate pin-connections, even the floor girders being 
the latter type, instead the heavily-riveted low-stressed type 
which lived see substituted all American bridge-work, 
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also saw each country gradually introduce the good points the 
other’s practice, that vital difference now distinguishes European 


and American bridges.” 

Mr. Clarke’s life and works illustrate the highest form engineer- 
ing ability, while his modesty and straightforward, lovable character 
won for him hosts friends. His death removed one the brilliant 
lights the engineering profession. 


WILLIAM DURFEE GELETTE, Am. E.* 
1902. 


William Durfee Gelette was born Fairhaven, Massachusetts, 
March Ist, 1847, and received his education the Massachusetts 
Institute Technology, being member the Class 1869. 

After leaving college was employed until 1875 various engi- 
neering works New England, including water supply, drainage, 
iron bridge construction and street improvements, under such masters 
Clemens Herschel and Herbert Shedd. 

Southern Pacific Railroad Company, with which company and its suc- 
cessors remained, almost continuously, the time his death. 
was charge the construction the Southern Pacific trans- 
continental line from the Colorado River, the border California, 
the Pecos River, Texas, distance nearly 1000 miles. Later, 
was charge the construction many other lines for that com- 
pany, and from 1883 the time his death occupied the second 
place the Engineering Department the road. 

Mr. Gelette’s life was ideal from the standpoint Engineer: 
Conscientious, hard working, tireless, took everything presented 
him with the thorough method necessary achieve the best results. 
These qualities made him the trusted lieutenant those served, 
and, combined with his sympathy and patience, earned for him the 
highest regard his subordinates. 

was married Boston 1871, and his married life was par- 
ticularly happy one. His nature was domestic, and enjoyed noth- 
ing more than his home and his family. His widow, son and 
daughter survive him. 

the early part April, 1902, the his employers, 
visited Paso, Texas, and was taken ill. His conscientious re- 
gard for his work kept him his post until was complete, after 
which his strength barely permitted him make the return trip 
his home, Oakland, California, where quietly passed away few 
days later. 
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was elected Member the American Society Civil 


neers April 1885, and always took the greatest interest its 


JOSEPH MILLER WILSON,* Am. 


1902. 


Joseph Miller Wilson was born Chester County, 
Pennsylvania, June 20th, 1838. was son William Hasell 
and Jane Miller Wilson. His father and his grandfather were well- 
known civil engineers the United States, his father being Hon- 
orary Member the American Society Civil Engineers, and for 
many years Chief Engineer the Pennsylvania Railroad. Mr. Wilson’s 
great-grandfather and great-great-grandfather were among the ‘most 
prominent civil engineers their time Scotland. 

After thorough preparation private schools, Mr. Wilson entered 
the Rensselaer Polytechnic Institute, Troy, New York, and was 
graduated therefrom 1858, with the degree Civil Engineer; after 
which took two years’ special course analytical chemistry with 
Professor Genth, Philadelphia. 

1860 Mr. Wilson entered the service the Pennsylvania Rail- 
road Assistant Engineer, and 1863 became Resident Engineer 
the Middle Division. 1865 became Principal Assistant Engineer, 
and, later, Engineer Bridges and Buildings the Pennsylvania 
Railroad, continuing the service this road until January Ist, 1886. 

Among the various structures designed and built Mr. Wilson 
during this period were the Susquehanna and Schuykill Bridges, the 
original Broad Street Station, the Baltimore and Potomac Station 
Washington, the Main Exhibition Building and Machinery Hall the 
Centennial Exhibition, and, later, the Drexel Building and the Drexel 
Institute. 

1876 Mr. Wilson, with his brothers, organized the firm Wilson 
Brothers and Company, Civil Engineers and Architects, and this firm 
has done very large amount detail and expert work. The bridges 
designed and erected him comprise all those the Pennsylvania 
Railroad for many years, and many other roads, the number too 
great mention detail. His firm were engineers and architects 
for numerous stations, shops, etc., various railroads: Shops the 
Northern Central Railroad Baltimore; the Alleghany Valley Rail- 
road shops Verona, Pennsylvania; stations and shops for the Ninth 
and Third Avenue lines the New York Elevated Railroad; stations 
and shops for the New York, West Shore and Buffalo Railroad; and 
stations the Lehigh Valley, New Jersey Central, and Philadelphia 
and Reading Railroads. 


Memoir prepared Joseph Knap, Am. Soc. 
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Mr. Wilson was Chairman the Board Expert Engineers the 
Washington Aqueduct Tunnel and Reservoir, acting under joint 
Commission Congress, 1888-89; was Chairman the Board 
Expert Engineers examine and report the railroad terminal and 
station question Providence, Rhode Island, 1888; was one the 
expert engineers make examinations and report the condition 
the elevated railroads New York City. was one the experts 
the designs for the approaches the New York and Brooklyn 
Suspension Bridge, and also one the expert engineers reporting 
the Board Rapid Transit Commissioners for the City New York, 
1891. more recent years was the Consulting Engineer for the 
Philadelphia and Reading Railway.Company, and had charge, for that 
company, all work the Pennsylvania Avenue Subway, the City 
Philadelphia. was one the engineers appointed examine 
and report the improvement the water supply for the City 
Philadelphia, 1899, the work being now carried out accordance 
with that report. 

Mr. Wilson wrote many scientific and engineering papers, among 
them the the and the Historical” for 
the Catalogue the International Exhibition 1876.” 
also wrote historical papers this exhibition for London Engineer- 
ing. special request, wrote paper, American Permanent 
for the British Association. also wrote comprehensive 
paper,* Specifications for Strength Bridges,” and paper 
entitled Philadelphia and Reading Terminal Railroad and 
Station Philadelphia,” for the American Society Civil Engineers; 
paper Port Perry Bridge, for the Institution Civil Engineers; 
and paper{ with particular reference Trade 
Schools, especially those France and England. also wrote 

sundry papers for various scientific and engineering journals. 

inventor, Mr. Wilson took out several patents: bridge 
details, flushing tanks for sanitary purposes, etc., etc. 

held many positions honor and responsibility, some them 
being follows: Member the American Society Civil Engineers; 
Member the Institution Civil Engineers; Fellow the American 
Institute Architects; Member the Franklin Institute, which 
was Manager from 1868 1887, and President for ten years, 1887 
1897; President the Engineers’ Club Philadelphia for 1888; 
Member the American Philosophical Society; Fellow the Amer- 
ican Association for the Advancement Science; Member the 
Century Association New York City. 

Mr. Wilson received the honorary degree Master Arts from 
the University Pennsylvania 1877. the Centennial Exhibition 

Transactions, Am. Soc. C.E., Vol. XV, Vol. XVI, 38. 


Transactions, Am. Soc. E., Vol. 
Journal, Franklin Institute, 1889-90. 
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1876, Philadelphia, received medals and awards for designs 
bridges and buildings, and 1878 received the Telford Premium 
from the Institution Civil Engineers. 

was married Miss Sarah Pettit, daughter Judge Thomas 
McKean Pettit, May 24th, 1869. They children, Alice May 
and Mary Hasell Wilson. 

Mr. Wilson died heart disease, suddenly, his office Phila- 
delphia, November 24th, 1902, his sixty-fifth year. sur- 
vived his wife and his daughter, Mrs. John Gibson, New York 
City. 

For some years Mr. Wilson was member and vestryman St. 
Stephens Church, Philadelphia. the words resolution 
passed this vestry: 

Wilson was man whom the power and the beauty the 
Christian religion conspicuously manifested themselves.* Con- 
fronted constantly with difficult problems, knew other standard 
conduct than the example Jesus and his own very delicate sense 
honor. all his relations, generous fault, truthful word, 
pure spirit, loving husband, father, brother, and son—these 
moral virtues only added luster the endowment naturally 
powerful mind, nor did his religious beliefs prove inimical 
attainments which placed him the head exacting profession.” 

The foregoing gives but outline very useful, honorable and 
well-rounded life. His was exemplification what great results 
quiet, unostentatious, industrious life can accomplish the scientific 
and industrial world, when accompanied superior intelligence, 
thorough education and morality based upon strict religious 
principles. 

The writer this memoir would feel that had not done the 
subject justice had not, closing, alluded briefly the high 
moral purpose which actuated Mr. Wilson all that did; and 


the religious faith and practice, which, from his early youth until the 


day his death, were the controlling influences his successful and 
happy life. 

Mr. Wilson was elected Member the American Society 
Civil Engineers April 2d, 1873. served asa Director from 
January 18th, 1888, January 16th, 1889; and Vice-President 
from January 17th, 1894, January 15th, 1896. 
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INSTITUTED 1852. 


PROCEEDINGS. 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


SOCIETY AFFAIRS. 


Minutes Meetings: 


PAGE 
Announcements: 
Hours during which the Society House 160 
Proposed Amendment the 161 
Topics for Discussion the Annual 166 
Accessions the Library: 
Membership (Additions and changes 


May 6th, 1903.—The meeting was called order 8.55 
President Noble the chair; Chas. Warren Hunt, Secretary; and 
present, also, 123 members and guests. 

The minutes the meetings April and 15th, 1903, were 
approved printed Proceedings for April, 1903. 

Am. E., was presented the author and illustrated with 
lantern slides. The Secretary presented written communication 
from Samuel Lea, Am. E., and the subject was discussed 
further Messrs: Foster Crowell, Goodell and the author. 

second paper, entitled ‘‘Deflections Beams with Variable 
Moments Inertia,” Hudson, Am. Soc. E., and 
written communication from Irving Church, Assoc. Am. Soc. E., 


were presented the subject was discussed further 
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158 MINUTES MEETINGS. [Society 


Ballots for membership were canvassed, and the following candi- 
dates elected: 


MEMBERS. 


BERNARD BIENENFELD, San Francisco, Cal. 
Avery Corry, Puebla, Mexico. 
Ernest New York City. 
Ross West New Brighton, 
Ernest Seattle, Wash. 

ASHBEL New York City. 

Isaac Boston, Mass. 

WHITTEN SHEDD, Providence, 


MEMBERS. 


New York City. 
CHARLES Lynn, Mass. 

Exp, Jr., St. Joseph, Mo. 

CHARLES GARTENSTEIG, New York City. 

FREDERICK LAWRENCE Chicago, 
Don Hays, Kansas City, Mo. 

MERIWETHER Pencoyd, Pa. 
JEROME Clinton, Mass. 

Frank Cleveland, Ohio. 

CHARLES Parsons, Glens Falls, 
Howarp Kansas City, Mo. 
Hans von Kansas City, Mo. 


The Secretary announced the election the following candidates 
the Board Direction May 5th, 1903: 


ASSOCIATE. 
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Diamant, New York City. 
Fox, Wilkinsburg, Pa. 
The Secretary announced the following deaths: 
elected Fellow May 10th, 1870; died April 17th, 
APPLETON GREENE, elected Member July 4th, 1888; died 
19th, 1903. 
elected Fellow January 8th, 1890; died April 
28th, 1903. 
Adjourned. 


May 1903.—The meeting was called order 8.45 
President Noble the chair; Chas. Warren Hunt, Secretary; and 
present, also, members and guests. 

paper entitled The Economic Improvement the Coosa and 
Alabama Rivers, Georgia and Alabama,” Andrews, Am. 
Soc. E., was presented the Secretary, who also read communi- 
cation the subject from Capt. Raymond, Corps Engineers, 

The Secretary announced the death the following members: 

Harpy, elected Member November 7th, 1888; 
died April 2d, 1903. 

Dorman elected. Member May 6th, 1885; died 
April 24th, 1903. 

elected Member July 2d, 
1879; died May 12th, 1903. 


THE BOARD DIRECTION. 
(Abstract. 

May 5th, 1903.—8.30 m.—President Noble the chair; Chas. 
Warren Hunt, Secretary; and present, also, Messrs. Briggs, Croes, 
Jackson, Knap, Osborn, Osgood, Pegram and Schneider. 

report was presented from Committee appointed con- 
sider the advisability the discontinuance advertisements Pro- 
ceedings, and the Secretary was instructed discontinue all advertise- 
ments the Proceedings the Society, soon can done 
under existing contracts. 

Applications were considered and other routine business transacted. 

One candidate for admission Associate, and four Junior were 
elected.* 

Adjourned. 


— 


See page 158. 
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ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, June 3d, 1903.—8.30 regular business meet- 
ing will held. Ballots for membership will canvassed, and 
paper Richard Dana, Assoc. Am. Soc. E., entitled 
New Safety Explosive,” will presented for discussion. This paper 
printed this number Proceedings. 


Wednesday, September 2d, 1903.—8.30 regular business 
meeting will held. Ballots for membership will canvassed, and 
paper entitled Experimental Study the Resistances the 
Flow Water Pipes,” Augustus Saph, Assoc. Am. 
and Ernest Schoder, Jun. Am. Soc. E., will presented for 
discussion. This paper printed number Proceedings. 


Wednesday, September 16th, 1903.—8.30 m.—At this meeting 
paper, Elmo Harris, Am. Soc. E., entitled Theory 
Centrifugal Pumps and Fans: Analysis their Action, with Sugges- 
tions for Designs,” will presented for discussion. This paper 
printed this number Proceedings. 


SEARCHES THE LIBRARY. 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many such 
searches have been made, and bibliographies and other information 
special subjects furnished. 

The resulting satisfaction the members who have made use 
the resources the Society this manner has been expressed 
frequently, and leaves little doubt that, were generally known 
the membership that such work would undertaken, many would 
avail themselves it. 

The cost trifling compared the value the time engi- 
neer who looks such matters himself, and the work can per- 
formed quite well, and much more quickly, persons familiar with 
the Library. 

Copies all lists references are filed, that many cases 


only necessary make typewritten copy, which reduces the cost 
searches for members minimum: 
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asking that such work undertaken, members should specify 
clearly the subject covered, and, whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 


PROPOSED AMENDMENT THE CONSTITUTION. 


The following proposed amendment the Constitution has been 
received the Secretary, and has been sent all Corporate Members 
accordance with the provisions Section Article 
the Constitution, will considered the Business Meeting 
the Annual Convention Asheville, 


Amend the Constitution striking out Sections and 
Article and the whole Article and substituting therefor the 
following: 

ARTICLE 


* 


* 


6.—A Junior shall not less than eighteen years age, and 
his connection with the Society shall cease when becomes thirty 
years age, unless previously transferred another grade. 
shall have had active practice some branch engineer- 
ing for least two years, shall have graduated from 
school engineering recognized standing. Persons who are 
the Junior class the time the adoption this Constitu- 
tion shall not have their status changed the provisions this 
section. 

7.—Honorary Members shall chosen only from persons 
acknowledged eminence some branch engineering the 
sciences related thereto. There shall not more than twenty 
any one time. 

8.—Fellows shall contributors the permanent funds 
the Society, though they may not eligible for admission 
Corporate Members. 


ARTICLE anp 


1.—Honorary Members shall proposed least ten 
members, and elected only unanimous vote the 
Board Direction. Past-President, member the Board 
Direction proposed for Honorary Membership, shall not 
required vote either for against his own admission. 

person elected Honorary Member shall promptly 
notified thereof letter. The election shall cancelled 
acceptance not received within six months after the mailing 
such notice. 
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2.—An application for admission the Society for transfer 
from one grade another shall embody concise statement, with 
dates, the candidate’s professional training and experience; and 
shall form and such detail may prescribed the 
Board Direction. shall signed the applicant, and shall 
contain promise conform the requirements membership, 
elected. The applicant shall furnish the names least five 
Corporate Members whom personally known. Each 
these shall requested the Secretary address letter the 
Board Direction, form prescribed said Board, stating 
the extent the writer’s personal knowledge the applicant and 
his professional work. least five the Corporate Members 
named references not furnish the requisite endorsement, the 
Secretary shall call upon the applicant for additional names, and 
not until written communications shall have been received from 
least five Corporate Members shall the application consid- 
ered the Board. 

Applications engineers not resident North America, and 
who may situated not personally known five 
Corporate Members, may recommended for ballot five 
members the Board Direction, after having secured evidence 
sufficient, their opinion, show that the applicant worthy 
admission. 

3.—At stated periods, determined the Board Di- 
rection, there shall issued each member any grade whose 
address known, list all new applications received for ad- 
mission for transfer, which list shall dated and shall contain 
concise statement the record each applicant and the names 
his references, with request that members transmit the 
Board any information their possession which may affect the 
disposition the applications. Not less than twenty days after 
the issue such list, the Board Direction shall consider these 
together with any information regard the ap- 
plicants that may have been received; may make further inquiries, 
deemed expedient; shall classify the applicant with his consent, 
and applications for admission may direct ballot. 

The Board shall have the power transfer persons from 
lower higher grade membership, and shall notify the mem- 
bership its action. 

4.—The ballots shall letter-ballots, form pre- 
scribed the Board They shall mailed each 
Corporate Member whose address known, and shall state the 
date which the ballot canvassed, which shall not 
less than twenty days after the issue the ballot. Twenty 
more negative votes shall exclude from election. case ex- 


| 


ANNOUNCEMENTS. 163 


clusion, notice thereof shall entered the minutes, but the 
candidate shall notified. 

elected candidates shall duly notified and shall sub- 
scribe the Constitution and Rules the Society. Forms for 
these purposes shall prescribed the Board Direction. 
these provisions are not complied with within six months from 
the notification election, such election shall considered void, 
unless for special reason the time shall extended the Board 
Direction. 


Membership any person shall date from the day his 
election. 

6.—Upon the written request ten more Corporate Mem- 
bers, that for cause therein set forth person belonging the 
Society expelled, the Board Direction shall consider the 
matter, and there appears sufficient reason, shall advise 
the accused the charges against him. may, desires, 
present written defence which shall considered meeting 
the Board Direction, which shall receive due notice, 
Not less than two months after such meeting, the Board Direc- 
tion shall finally consider the case, and resignation has not been 
tendered, defence made which satisfactory the Board, 
shall then notify the person that will expelled one month, 
unless appeal from this decision. Appeals will 
submitted the Corporate Members letter-ballot form 
prescribed the Board Direction. The bullot shall ac- 
companied statement the charges, and the action the 
Board thereon, with such information deems proper, and also 
the statement the person making the appeal. The ballot shall 
canvassed the Board not less than twenty days after its 
issue. majority the ballots cast will required sustain 
the action the Board. The Board will notify the person and 
the Corporate Members the result the ballot. case 
appeal made, the Board Direction will expel the 
person, and notify him and the Corporate Members its 
action. 

7.—A member any grade the Society may resign his 
membership written communication the Secretary, who 
shall present the same the Board Direction; when, all his 
dues have been paid, his resignation shall accepted. 

8.—All persons elected and duly qualified, whose address 
the records the Society within fifty miles the Post Office 
the City New York, shall deemed Resident; and those 
whose address beyond that limit shall deemed Non-Resident. 

The classification each person for the fiscal year Resi- 
dent Non-Resident, shall determined the Records the 
Society they may appear January Ist that year. 
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porate Members: 


Davip 

REICHMANN, 
Frank 
STROBEL, 
JACKSON, 
CHENEY, 

Everett 


Foster, 
FRANK, 


Tuesday, June oth, Opening Session. 


the Hon. Theodore Davidson. 


Business Meeting: The question the time and place for 
holding the next Annual Convention will discussed, and 
proposed amendment the Constitution will taken 
also probable that there will infor- 


regular course. 


The foregoing amendment proposed the following Cor- 


ANNUAL CONVENTION 1903. 


The Thirty-fifth Annual Convention will held Asheville, C., 
June 9th, 10th, 11th and 12th, 1903. 


The arrangements for the Convention are the hands the follow- 
ing Committees: 


CoMMITTEE. 


WINGFIELD. 


The following programme has been arranged: 


[Society 


Davison, 
Swensson, 
Briaas, 

Jos. 


WARREN 


TENNEY, 


Address Welcome 
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mal consideration the proposed co-operation the Society 
with the other National Societies and the Engineer’s Club New 
York, the matter Joint Engineering Building. 


8.30 Second Session.—Annual address, Alfred Noble, 


Wednesday, June 10.00 Third Session.—Professional 
Discussion Topics Nos. and 


Afternoon.—An Excursion trolley around Asheville and visit 
the Swannanoa Country Club has been arranged for this 
afternoon. 

9.00 M.—Reception.—The Hon. Charles Aycock, Governor 
North Carolina, has accepted the invitation the Local Com- 
mittee meet the members and guests the Society this 
evening. 

Thursday, June 10.00 Fourth Session.—Professional 

Discussion Topics Nos. and 


3-00 M.—Excursion Sunset Mountain. invitation 
Richard Howland, Esq., President, Asheville and Craggy 
Mountain Railroad Company, the Society will visit Overlook 
Park, Sunset Mountain, spending the afternoon and remain- 
ing there until after sunset. Tingley, Am. E., 
will with the party, and will describe the interesting features 
the construction this road the Pavilion, arrival 
the Park. 

the party invited toa Barbecue Mr. Howland, 
and the return the Hotel will made about 


Evening.—Concert. 


Friday, June 12th, 10.00 Fifth Session.—Adjourned Business 
Professional Meeting, necessary; otherwise the morning 
will free for individual trips points interest the 
vicinity. 

1.30 M.—A drive through the estate George 
Vanderbilt, Esq., has been arranged for this afternoon. 


9.00 M.—Informal dancing the ballroom the Battery Park 
Hotel. 
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TOPICS FOR INFORMAL DISCUSSION. 


Topic No. Timber Tests. 
This discussion will opened representa- 

tives the Bureau Forestry (see Pro- 

ceedings for April, 1903, 133). 


Topic No. Sewage Purification. 


Rudolph Hering, Am. E., will jntro- 
duce this subject. 


Topic No. the treatment the Mississippi River, the Levee 


Theory Justified Experience? 
this subject will introduced 


Topic No. possible make Concrete which will Imper- 


vious Water? what the best method? 
This discussion will introduced William 


Topic No. What the effect Sea-Water upon Steel, and upon 
Steel and Concrete used Combination, and the 
use Steel Sea-Water admissible? 


Topic No. view the increasing weights Rolling Stock, for 
what loadings should Railroad Bridges de- 
signed? 

Henry Hodge, Am. Soc. E., will open 
this discussion. 


methods distributing and using water order 


ACCESSIONS THE LIBRARY. 
From April 8th May 12th, 1903. 


DONATIONS.* 
MANUAL FIELD AND OFFICE METHODS 


For the Use Students Surveying. William Pence and 
Milo Ketchum. Third Edition. Leather, ins., 252 pp., illus. 
New York, Engineering News Publishing Co., 1902. $2.00. 


The preface states that preparing this manual the following points have been 
kept especially view: (1) provide simple and text designed 
anticipate and supplement, rather than replace, the usua 


elaborate treatise. (2) 
bring the student into immediate familiarity with approved surveying methods. 


(3) 
cultivate the skill the rare arts keeping good field notes and making 
reliable calculations. This third edition issued meet the call for the manual 
various technical institutions and from practicing engineers. With view increase 
the value the book, both for teaching and for reference purposes, various revisions and 
additions have been made. Among these are the full scale samples field notes the 
inset sheet the back the book. The Contents are: General Instructions; The Chain 
and Tape; The Compass; The Level; The Transit; Topographic Surveying; Land Sur 


Railroad Surveying; Errors Surveying; Methods Computing; Freehand 
ettering. 


THE PRINCIPAL SPECIES WOOD: 


Their Characteristic Properties. Charles Henry Snow, Am. 


Soc. Cloth, 104 ins., 203 pp., illus., plates. New 
York, John Wiley Sons, $3.50. 


The preface states that this book brief, untechnical presentation the general 
features characterizing economically important species wood. the result notes 
originally brought together from many already existing sources and later augmented, 
and veritied, far possible for present use, personal observation. This work 
intended for those who are not foresters botanists, but who use woods desire 
edge their distinguishing properties. Allusion trees, historical and other refer- 
ences, aside from those directly regarding woods, are made for completeness and 
order mark, distinguish, separate the species. The book divided into three parts: 
Introduction; Broadleaf Hardwoods; Needleleaf Softwoods. 


eleven 


IRRIGATION INSTITUTIONS. 


Discussion the Economic and Legal Questions Created the 
Growth Irrigated Agriculture the West. Elwood Mead. 


Cloth, 392 pp., illus. New York, The Macmillan Com- 
pany, 1903. $1.25. (Donated the Author.) 


The preface states that this work based twenty years’ experience the 
development irrigated agriculture the arid West. Fifteen years this time were 
devoted the study and administration irrigation laws assistant state engineer 
one commonwealth and territorial and state engineer another. The duties of-these 
positions brought the writer into personal and official relations with all classes men 
whom the problems irrigation were vital interest. These included not only 
farmers, ditch builders, and investigators irrigation securities, but also legislators 
and jurists who were shaping the legal priuciples are control the distribution 
and use Western water supplies. Department Agriculture studying the 

romote its more skillful and effec- 
tive use, and inquiring into the social and legal questions created the use 
streams irrigation, both this country and other lands. From its beginning the 
writer has been charge these investigations. The convictions expressed have been 
more largely shaped what has been seen than what has been read. The Contents 
are: Introduction; Land Laws the Arid Region; The Beginnings Irrigation; 
The Doctrine Appropriation; Contract Water Rights; Measurement Water; The 
Duty Water; Irrigation Colorado; Irrigation California; Irrigation Utah; Irri- 
gation Wyoming; Irrigation Other Arid and Semi-arid States; In- 


terstate Rights; Methods and Measures Needed for Future Development. There 
index eight pages. 


Unless otherwise specified, books this list have been donated the Publishers. 
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COMPRESSED AIR INFORMATION; 


Or, Cyclopedia Containing Practical Papers the Production, 
Transmission and Use Compressed Air. Edited Saunders, 
Am. Soc. Cloth, ins., 1175 pp., illus. Compressed 
Air,” New York, copyright 1903. $5.00. (Donated the Editor.) 


This publication has been called for many inquiries addressed the editor 
Compressed Air asking for various papers, some them original and others compiled, 
which have been published that magazine the first five years its existence. 
The supply the early issues having been long since exhausted and the demand con- 
tinuing, effort has been made present single book reasonable size all the im- 
portant practical information contained the first five volumes. attempt has been 
made new matter, but the various papers, editorials and notes have been 
selected and arranged under suitable headings that any one seeking information 
this subject may afforded facilities for finding properly classified. There in- 
dex seven pages. 


SILICO-CALCAREOUS SANDSTONES. 


Building Stones from Quartz-Sand and Lime. Chemical and Tech- 
nical Principles Their Manufacture According the Situation, 
Erection, and Management Brick Works. Ernst Paper, 
pp., illus., plates. Y., Spon Chamberlain. 

This book describes detail several for making artificial stone 


and brick from mixtures silicious sand and lime; the hardening the stone being 
obtained either the open air steam under high low pressure. 


RULES FOR RAILWAY LOCATION AND CONSTRUCTION 


Used the Northern Pacific McHenry, Am. 
Earthwork, Compiled Gillette. Cloth, ins., pp. 
New York, The Engineering News Publishing Co., 1903. $1.00. 


The Chapter headings are: Construction and Engineering Departments; Location; 
Surveys and Construction; Track and Ballast; Bridges and Culverts; Accounting and 
Miscellaneous; Supplies; Estimating Overhaul Earthwork. 


ENGINEERING STUDIES. Parts and 


vol., illus. New York, The Engineering News Publishing Co., 
1901-1903. cents per vol. 


This collection photographic views engineering works which short de- 
scriptions and criticisms are appended. Parts and have appeared previously. The 
Contents are: Part English Stone Arches; Part IV. French Stone Arches; Part 
German and Austrian Stone Arches. 


THE IMPROVEMENT RIVERS. 


Treatise the Methods Employed for Improving Streams for 
Open Navigation, and for Navigation Means Locks and Dams. 
Cloth, ins., 356 pp., illus., plates. New York, John 
Wiley Sons, 1903. $6.00 net; postage cents additional. 


The object this work provide concise form description the various 
systems used bettering the conditions navigable streams. together with the 
methods usually adopted for their design and execution. has been the endeavor 
include all the important points and construction which are likely met, 
and all calculations have been simplified bring them within the range those 
who are not thoroughly educated, yet whose services are most valuable river work 
reason their practical experience and good judgment. The authors believe that, 
this branch engineering virtually untaught schools this coun- 
try, the advent this treatise will widen the scope the usual engineering course and 

repare students for entering the engineer service the Government through the 
engineer grade the civil service. With this object view hydrographic sur- 
veys and reports and examinations have been treated some The Contents 
are: Introduction; Characteristics Rivers; Preliminary Examinations and Surveys; 
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Topographical Surveys and Leveling; Hydrographic Surveys; Removal Bars and 
Other Obstructions; Regularization; Dikes and their Effects; Protection Banks; Lev- 
ees; Storage Reservoirs; Improvement River Outlets; General Design and Construc- 
tion Works for Creating Slack Water; Locks; Lock Gates and Valves; Dams; 
Movable Dams; Needle Dams; Chanoine Wicket Dams; Gate, Curtain and Bridge Dams; 
Shutter and A-Frame Dams; Drum Wickets and Bear-Traps; Construction 
Movable Dams; Dimensions, etc., Locks and Dams Certain Rivers; Specifications; 


Laws for the Protection and Preservation the Navigable Waters the United States. 
There index six pages. 


ELECTRICITY APPLIED MINING. 


Aspinwall Parr, Inst. E., Mech. E., and Herbert 
Van Nostrand 1903. 


The aim the authors this volume has been present the leading truths and 
main principles electricity and electrical engineering without going into great 
detail, their intention being that, for further information the theory and practice 
the subjects electrical and mining engineering, recourse should had some 
the many standard works already existence. They have been unable, the space 
their disposal, deal with all the varieties machines and now use, 
typical examples good practice being considered sufficient for the present purpose. 
The chapter headings are: Introductory; Dynamic Electricity; Driving the Dynamo; 
The Steam Turbine; Distribution Electrical Energy; Starting and Stopping Elec- 
trical Generators and Motors; Electric Cables; Central Electrical Plants: Electricity 
Pumping and Hauling; Electricity Applied Coal-Cutting; Typical Electric 
Plants Recently Erected; Electric Lighting Arc and Glow Lamps; Miscellaneous 
Applications Electricity; Electricity Compared with other Modes Transmitting 
Power; Dangers Electricity. There index ten pages. 


CONDUCTORS FOR ELECTRICAL DISTRIBUTION; 


Their Materials and Manufacture, the Calculation Circuits, 
Pole-Line Construction, Underground Workings, and other Uses. 
pp., illus. New York, Van Nostrand Co., 1903. $3.50. 


The author states the preface that this book represents the results over ten 
years work manufacturer insulated wires and cables, engineer advising 
concerning their installation and finally teacher electrical engineering. Over 
eight years has been consumed actually writing and revising. The original rough 
cast was Electrical Engineering, the last chapter appearing tbree years 
ago. The author has made final revision and has presented the whole book 
through the belief that the previous publication has been enabled 
from its pages descriptions materials and methods that are not founded safe 
engineering principles. The Contents are: Conductor Materials; Alloyed Conductors; 
The Manufacture Wire; Wire-Finishing; Wire Insulation; Cables; Calculation 
Circuits; Kelvin’s Law Economy Conductors; Multiple Are Distribution; Alter- 
nating Current Calculation; Overhead Lines; The Pole Line; Line Insulators; Under- 
ground Conductors. There index seven pages. 


DIRECTORY AMERICAN CEMENT INDUSTRIES AND HAND-BOOK FOR 
CEMENT USERS. 


Edited Charles Carroll Brown, Am. Soc. Cloth, 


ins., 645 pp. Municipal Engineering Company, Indianapolis, 1901. 
(Donated the Editor.) 


The publication this Directory the direct result the many demands for infor- 
mation upon all questions connected with the manufacture, use cement 
which have been made upon theMunicipal Engineering Magazine, and the conclusion 
drawn that the time has now arrived for the publication such book, giving more 
particularly from the practical and commercial standpoints the answers all the 
classes questions which those interested cement are asking. The Contents are: 
Preface; Introduction; Testing Cement; Specifications for Cement: The Uses 
Cement; Specifications for the Use Cement; Data for Estimates Cement Work; 
Cement Laboratories; Freight Rates Cement; Reference De- 
Works and Processes for the Manufacture Cement; Directory 
Cement Brands; Directory General Sales Agents; Classified Directory Cement 
Dealers and Users; Dealers Cement; Contractors and Large Users Cement: Engi- 
neers, Architects and Other Supervisors the Use Cement; Workers Cement; 
Cement Tests and Analyses; Machinery and Supplies for Cement Plants; Dealers 


Lime and Plaster; Manufacturers Lime; Manufacturers Plaster. Thereisan index 
eight pages. 
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EXPERIMENTS THE FLEXURE BEAMS, 


Resulting the Discovery New Laws Failure Buckling. 
Albert Guy. Cloth, ins., 122 pp., illus. New York, 
Van Nostrand Company, 1903. $1.25 net. 


The preface states that the analogy the failure the compression side beam 
buckling the method failure long column was, course, long ago remarked, 
but believed that there has been previous attempt—certainly successful 
attempt—to connect the formula. Mr. Guy’s experiments have been success- 
ful beyond any reasonable expectation connecting them and showing that Euler’s 
formula for long columns is, fact, the fundamental formula which lies the base 
the whole subject. The Contents are: Introduction; Simple Problem; The Transverse 
Shearing; The Longitudinal Shearing; The the Beam; Experiments; Corol- 
lary; That Simple Problem; The Best Form Section; The Central Web; The Width 
the Section; Example; Solution; The Shape the Beam; The New Law; Examples. 


Gifts have also been received from the following: 


Adams, Arthur pam. 

Alaska Mexican Gold Min. Co. 

Alaska United Gold Min. Co. pam. 

Allen, Kenneth. pam. 

Arlington, Mass.—Town Officers. vol. 

Assoc. des Ingénieurs Sortis des Ecoles 
Speciales Gand. 

Bangor, Me.—City Clerk. vol. 

Bay City, Dept. 

Mass.—City Auditor. bound 


vol. 

Braumiiller, Wilhelm. 

Bridgeton, J.—City Comptroller. pam, 
Brooklyn, Y.—Pub. Lib. 
Brooks, Frederick. pam. 

Brown, bound vol. 

Canada Southern Ry. Co. pam. 

Chattanooga, Tenn.—City Engr. vol., 


pam. 

Ohio—City Auditor. bound 
vol. 

Cincinnati, Ohio—Water Dept. 

Colo.—Agri. Exper. Station. vol. 

Columbian Univ. vol. 

Ohio—City Clerk. bound 
vol. 

Concord, H.—City Engr. pam. 

Concord, H.—Water Dept. 

Conn.—State Board Health. bound 


vol. 

Cornell Univ. 

Des Moines, Engr. pam. 

Eddy, Harrison pam. 

Eng. School Practical Science. 


Engrs. Club Cincinnati. 

Ericson, John. bound vol. 

Erie, Pa.—City Clerk. 

Field Columbian Museum. pam. 

Fitchburg, Mass.—City Engr. pam. 

Gloversville, Y.—City Clerk. pam. 

Grand Rapids, Engr. bound 
vol., 4pam. 

Great Brit.—Patent Office. pam. 

Greenalch, Wallace. bound pam. 

Griggs, Julian. pam. 

Haverhill, Mass.—City Engr. pam. 


Haverhill, Mass.—Water Commrs. 

Herschel, Clemens. bound vol. 

Heyland, Alexander. pam. 

Inst. Civ. Engrs. pam. 

Jackson, William. pam., vol. 

Jacksonville, Fla.—Trustees Water- 
Works. 

Jersey City, J.—Board Street and 
Water Commrs. pam. 

Koninklijk Inst. van Ingenieurs. pam. 

Lake Erie and Western Co. 

Shore Michigan Southern Ry. Co, 
pam. 

Ludlow, Mrs. William. bound vol. 

Madras—Pub. Works Dept. bound vol. 

Md.—Geol. Surv. bound vol. 

Mexican Central Ry. Co., Ltd. 

Milwaukee, Wis.—Pub. Works Dept. 

National Co. Mexico. pam. 

J.—State Geologist. bound vol. 

New York, Chicago St. Louis Co. 


pam. 
State Museum. pam. 
Univ. School Applied Science. 


pam. 

Oesterreichischer Ingenieur- und Architek- 
ten-Verein. 

Ohio—State Board Health. bound vol. 

Orr, Alexander. 

Osborn Eng. Co. 

Platt, 

Providence, Engr. pam. 

Rose Potytechnic Inst. vol. 

Saginaw, Mich.—City Clerk. pam. 

Sibley Coll. 

Soc. des Ingénieurs Civils France. 


vol. 
Springfield, Mass.—Water Commrs. pam. 
Taunton, Mass.—Water Commrs. pam. 
Thomas Clarkson Memorial School 
Tech. 
Tombo, Car). bound vol. 
Weather Bureau. bound vol. 
Univ. Colo. vol. 
Wilmington, Dept. pam. 
Worcester Polytechnic Inst. vol. 
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PURCHASE. 


Electrotechnik Einzeldarstellungen. Unter Mitwirkung her- 
vorragender Fachminner Herausgegeben von Dr. Gustav Benischke. 
Vol. Braunschweig, Friedrich Vieweg und Sohn, 1902. 


Die Wechselstromtechnik. von Arnold. Vol. 
Berlin, Julius Springer, 1902. 


Systematic Method Calculating the Dimensions Direct- 
Current Machines. Carl Kinsley. Chicago, 
The University Chicago Press, 1903. 


Secondary Batteries: Their Theory, Construction and Use. 
Wade. New York, The Van Nostrand Co.; London, 
The Printing and Publishing Company. 


Wireless Telegraphy. Popular Exposition. Tun- 


zelmann. Third Edition. London, The Office Knowledge,” 
1902. 


Supplement the Directory the Iron and Steel Works the 
United States. Containing Classified List Leading Consumers 
Tron and Steel United States. Compiled the American Iron 
and Steel Association. Corrected January, 1903. Philadelphia, 
The American Iron and Steel Association, 1903. 


Proceedings the Purdue Society Civil Engineering. 1896, 
98, 1900-01. Purdue University, Lafayette, Ind., 


First Annual Report the Wisconsin Engineers’ Society, Con- 
taining Papers Read the Annual Meeting Held Appleton, March 
30, 1897. place, 1897. 


Proceedings the Annual Meeting the Indiana Engineering 
Society, 1893 and 1896. South Bend, 


Proceedings the lowa Civil Engineers’ and Surveyors’ Society 
their Ninth Annual Meeting held Ottumwa, Iowa, January 20-21, 
1897. Glenwood, 1897. 


Eighteenth Annual Report the Ohio Society Surveyors and 
Civil Engineers, being the Transactions the Society 
Annual Meeting Held Columbus, Ohio, January 18, 
and 20, 1897. Columbus, 1897. 


Annual Report the Association Ontario Land Surveyors, 
1889, 1892-1900. Toronto, 


Notes Concrete and Works Concrete. written 
those Engaged upon Public Works. John Newman. 
Second Edition, Revised and Enlarged. London, Spon; 
New York, Spon Chamberlain, 1894, 


Pumps and Pump Manual for the Use Hydraulic 
Spon; New York, Spon Chamberlain, 1895. 
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The Principles, Construction and Application Pumping Ma- 
chinery (Steam and Water Pressure). With Practical Illustrations 
Engines and Pumps applied Mining, Town Water Supply, Drain- 
age Lands, etc., also Economy and Efficiency Trials Pumping 
Machinery. Henry Davey. Charles Griffin Company, 
Limited; Philadelphia, Lippincott Company, 1900. 


SUMMARY ACCESSIONS. 


April 8th May 12th, 1903. 


Donations (including duplicates and number 
completing volume periodical) 


385 


MEMBERSHIP—ADDITIONS. 
MEMBERSHIP. 


ADDITIONS. 


MEMBERS. 
Date 
Membership. 


Harry SHERMAN. 209 Houston St., Chattanooga, 


Frank Structural Engr., Office 


Feb. 1903 
Dart, Bridge Engr., Dist. Chicago, 
555 Chicago, May 1903 
Emmons, Morton. Asst. Engr., Penn. bridge Co., 
Ernest Power Specialty Co., 126 
OwEN Bert. Asst., Coast and Geodetic Survey, 
Washington, D.C April 1903 
Ross. Asst. Commr. Public Works, 
Borough Richmond, Mundy Ave., West New 
Larsson, Div. Engr., Eastern Div., 
Bridge Co., Pencoyd, Pa. (Res., 148 Sumac St., Phila- 
Pa.) April 1903 
Bridge, 179 Washington St., Brooklyn, 1903 
Chf. Engr., Am. Bridge Co. 
Y., cor. 15th and Chestnut Sts., Philadelphia, 
April 1903 
AsHBEL Div. Engr., Rapid Transit Sub- 
way Constr. Co. Y., Nicholas Ave., New 
York City 1903 
Box 204, Memphis, Tenn April 1903 
Henry. Chf. Engr., Mo. Pac. Ry. Co., 5900 
Fuel Iron Co., Block Pueblo, Colo.. April 1903 
Jun. June 20, 1893 
May 1903. 
Wason, Pres., Aberthaw Constr. 
Co., Beacon St., Boston, Mass. (Res., April 1901 
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ASSOCIATE MEMBERS. Date 
Membership. 
CHARLES Hamilton Ave., Lynn, Mass.... May 1903 


Harris Haven. Asst. Engr., Dept. Jan. 1899 
Public Works, City Hall, San Francisco, 
Cal Assoc. Feb. 1903 
Corwin. Res. Engr., St. L., Ry., 


Y., Pencoyd Club, Wissahickon, Philadelphia, Pa.. April 1903 
907 Crozer Bldg., Philadelphia, Pa.... April 1903 
Lapp. Pres., Ill. Eng. Co., 319 Manhattan 


Remer. Engr. for Thos. May 1900 
Prosser Son, Gold St., New York Assoc. Feb. 1903 


6233 Woodlawn Ave., 


Hermann Designing Engr., Am. Bridge 


Fort Wright, Fishers Island, Y.. April 1903 
Nerr, Frank Prof. Civ. Eng., Case School 
Applied Science. 860 Doan St., Cleveland, Ohio... ... 1903 
Jr. City Engr., Memphis, Tenn.. April 1903 
Epwin. Indian Ry., Calcutta, India. Feb. 1903 
Bldg., Kansas City, Mo................... 
James U.S. Engr. Depot, Ft. Jun. May 1899 
Arsenal St., St. Louis, Mo..... Assoc. April 1903 
Treapway, Pres. and Kansas City Bridge 
Co., 412 Massachusetts Bldg. Kansas City, Mo....... May 1903 


ASSOCIATES. 


- JUNIORS. 


Diamant, East 97th St., New York City. 1903 
Hotel Bridgeport, Bridgeport, 


Engr. for The Spanish Am. 

Co., Vinent Mines, Daiquiri, Santiago, Mar. 31, 1903 
Jessup. 413 Gay St., Phoenixville, ...... Mar. 31, 1903 
Ross, Apams. Lincoln Park, Newark, J........ May 1903 


185 Penn St., Brooklyn, 


CHANGES ADDRESS. 


MEMBERS. 


Apams, ARTHUR Crocker Bldg., San Francisco, Cal. 
R., Johnson Park, Buffalo, 
Ry., Cleveland, Ohio. 
FREDERICK Civ. Engr., N., Chg. Eng. 
Work, Naval Station, New 
Orleans, La. 
Gay William St., New York City (Res., 
458 Washington Ave., Brooklyn, 
Zion, Louisa Co., Va. 
ASHBURNER .......Cons. Engr., 141 Broadway, New York 
City. 
and Cons. Engr., 271 East 53d St., 
Chicago, 
ANDREW CHASE Naval Academy, Annapolis, Md. 
Civ. and Hydr. Engr., Dwyer House, 
Alta Ave., Park Hill, Yonkers, 
Caspar .Chf. Engr., Richmond, Fredericksburg 
Potomac Co., Richmond, Va. 
James Engr., Susquehanna Elec. Power 
Co., Room 1402, Continental Trust 
Bldg., Baltimore, Md. 
Freperick THOMAS........... Supt., Terre Haute Logansport and 
Logansport Toledo Rys., Terre 
Haute, Ind. 
ScHUYLER South Broadway, White Plains, 
BLAGDEN Cons. Engr., 376 East Colorado St., 
Pasadena, Cal. 
THEopoRE WILLIAM Newton Falls, Ohio. 
Kellam Ave., Los Angeles, Cal. 
Cons. Bridge Engr., 401 Salle Sta., 
Chicago, 
2177 Washington Boulevard, Chicago, 
City Mexico, F., Mexico. 
ALLSTON...........U. Asst. Engr., Care, Engr. 
Office, Custom Charleston, 
and Supt., Bridges and Bldgs., 
St. Ry., 192 Fullerton 
Ave., Chicago, 


Jackman, 
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Moody), Lead (Black Hills), Dak. 

Beccaria Coal Coke Co., Arcade 
Bldg., Philadelphia, Pa. 

ALFRED Asst. Engr., Atlantic Coast Line, Wil- 
mington, 

3133 Main St., Seattle, Wash. 

ALBERT Clayton St., San Francisco, Cal. 

Central Bldg., Baltimore, Md. 

JOHN Care, Eng. Dept., Am. Bridge Co., 51st 
St., Pittsburg, Pa. 

Asst. Chf. Engr., Canadian Pacific Ry. 
Co., Montreal, Que., Canada. 

Galveston, Tex. 

Secy. and Engr., Kenwood Bridge Co., 


Madison Park, Chicago, 


ASSOCIATE MEMBERS. 


ADRIAN Div. Engr., Cerro Pasco Ry., Cerro 
Pasco, Peru. 
Asst. Engr., Dept. Highways (Res., 


2721 Bainbridge Ave., Tremont), New 
York City. 


JOHN Special Agt., Continental Fire Ins. Co., 

CRANE, CLARENCE Cons. Engr., 765 Tremont Ave., New 
York City. 

Care, Ford, Bacon Davis, 115 Grand 
Ave., Kansas City, Mo. 

Dana, Civ. and Cons. Engr., William St., 
New York City. 

Ry. Co., Parkwood, Pa. 


Comm., Astor Pl., New York City 
(Res., 329 Macon St., Brooklyn, Y.) 
Ham, Fifth Ave., New York City. 


Asst. Chf. Engr., Deepwater Ry., 
Beckley, Raleigh Co., Va. 

Care, Wm. Fuller, 1819 Park Row 
Bldg., New York City. 

Frank 226 Newbury St., Boston, Mass. 


St., New York City. 


Affairs.] MEMBERSHIP—CHANGES ADDRESS. 

ALFRED...... Wall St., New York City. 

Van Engr., Butte County R., Chico, 
Cal. 

Cons. Engr. for Borough Constr. Co., 


65th St. and 4th Ave. (Res., 177 Wood- 
ruff Ave.), Brooklyn, 
Asst. Engr., Geological Survey, 
Washington, 
North St., Ft. Smith, Ark. 
Coast and Geodetic Survey, Ma- 


nila, Philippine 


CHARLES 


James 1206 Westinghouse Bldg., Pittsburg, 
Pa. 
GEORGE Dept. Water Supply, Gas and Elec- 
tricity, Park Row Bldg., New York 
City. 
Care, The Elec. Development Co. 
Ontario, Ltd., Niagara Falls, Ont., 
Canada. 
ASSOCIATES. 
JoHN Editor, The Engineering Record, 114 
Liberty St., New York City. 
Bank Bldg., Pittsburg, Pa. 
JUNIORS. 
nila, Philippine Islands, 
ROBERT 279 Ninety-first St., Chicago, 
Rap. Trans. Co. Power House, 
59th St. and North River, New York 
City. 
412 Oak St., Chicago, 
field, 
JONATHAN Union Sq. East, New York City. 
Miner, Engr. Dept., Ry., Gen. Deliv- 
ery, Lynchburg, Va. 
Engr., Sunday Creek Coal Co., 432 
Broad St., Columbus, Ohio. 
GEORGE Care, White Co., Ltd., Lans- 
downe Rd., London, W., England. 
Quanz, Howard Ave., Brooklyn, 


Box 37, Philadelphia, Pa. 
1038 East Madison Ave., Cleveland, 
Ohio. 
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Ry. Co., 1618 Tribune Bldg., Chicago, 
212 Water St., Johnstown, Pa. 
Van Loan, Room 710, City Hall, Philadelphia, Pa. 
Co., Ala. 
Youne, Henry Engr.’s Office, Fort Washington. 
Md. 
RESIGNATIONS. 
MEMBERS. Date 
Resignation. 
DEATHS. 
Carp, Elected Member, September 5th, 1883; 
died April 4th, 1903. 
VicToR Fellow, January 8th, 1890; died 


April 28th, 1903. 

GREENE, EDWARD Member, July 4th, 1888; died 
April 19th, 1903. 

Elected Fellow, May 10th, 1870; died 
April 17th, 1903. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(April 8th May 12th, 1903.) 
This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 


any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possible. 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St.,Philadelphia, Pa., 30c. 
(2) Proceedings, Club 
1122 Girard St., Philadelphia, Pa. 
(3) Journal, Franklin Inst., Philadel- 
phia, Pa., 50c. 
(4) Journal, Western Soc. Engrs., Mo- 
nadnock Block, Chicago, 
(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Canada. 
(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 
(7) Technology Quarterly, Mass. Inst. 
Tech., Boston, Mass., 
(8) Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 
(9) Engineering Magazine, New York 
City, 
(10) Magazine, New York City, 
(11) Engineering (London), Wiley, 
York City, 25c. 
(12) The (London), International 
News Co., New York City, 
(13) News, New York City, 


(14) The Engineering Record, New York 
(15) Gazette, New York City, 


(16) Engineering and Mining Journal, 


New York City, 15c. 

Street Railway Journal, New York 
City, 

(18) Railway and Engineering Review, 
Chicago, 

(19) Scientific American Supplement, New 
York City, 

(20) Iron Age, New York City, 10c. 

(a1) London, Eng- 
land, 

(22) Iron and Coal Trades Review, Lon- 
don, England, 25c. 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

American Gas Light Journal, New 
York City, 10c. 

Engineer, New York City, 


Electrical Review, London, England. 

(27) Electrical World and Engineer, New 
York City, 10c. 

(28) Journal, New England Water-Works 
Assoc., Boston, $1. 

(29) Journal, Society Arts, London, 

(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

(31) del’ Assoc. des Ing. Sortis 
des Ecole Gand, Brus- 

sels, Belgium. 


(32) Mémoires Compte Rendu des Tra- 
Ing. Civ. France, 
Paris, 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
chines, Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mécanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 

(40) Railway Age, Chicago, 10c. 

(41) Modern Machinery ,Chicago, 

(42) Transactions, Am.Inst. Elec. 
New York City, 50c. 

(43) Annales des Ponts Chaussées, 
Paris, France. 

(44) Journal, Military 
tion, Governor’s Island, New York 
Harbor, 50c. 

(48) and Minerals, Scranton, Pa., 


(46) Scientific American, New York City, 


(47) Mechanical Engineer, Manchester, 
England. 

(54) Transactions, Am. Soc. E., New 
York City, $5. 

(55) Transactions, Am. Soc. E., New 
York City, $10. 

(56) Transactions, Am. Inst. Min. Engrs., 
New York City, $5. 

(57) Colliery Guardian, London, England. 

(58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, Pa., 50c. 

(59) Transactions, Mining Inst. Scot- 
land, London and Newcastle-upon- 
Tyne. 

(60) Municipal Engineering, Indianap- 
olis, Ind., 25c. 

(61) Proceedings, Western Railway Club, 
225 Dearborn St., Chicago, 

(62) American Manufacturer and Iron 
World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. 
London, England. 

Power, New York City, 20c. 

(65) Official York Rail- 
road Club, Brooklyn, Y., 

(66) Journal Gas Lighting, London, 
England, 15c. 

(67) Cement and Engineering News, Chi- 


cago, Lil., 
(68) Mining Journal, London, England. 
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LIST ARTICLES. 
Bridge. 


Essentials Necessary for Successful Practice Bridge Engineering. Greiner, 
Am. Soc. (Extracts from lecture delivered before students Cornell 
Univ.) (13) Apr. 

The Rio Grande Bridge the Paso Southwestern near Paso, Tex.* 
Thompson. (13) Apr. 

The Des Moines River Viaduct the Mason City Fort Dodge R., Fort Dodge, Ia.* 
Keith. (13) Apr. 

New Railway Bridge over the Tyne.* (12) Apr. 10. 

Bridge Construction.* Frank Skinner. (14) Serial beginning 


the Two-Hinged Spandrel-Braced Arch. Alex. Rice McKim. 
Apr. 11. 

Drawbridge Calculations. Edward Godfrey. (13) Apr. 16. 

The Paderno Viaduct, Italy.* (12) Serial beginning Apr. 17. 

The Ouachita River Bridge, Missouri Pacific Railway.* (40) Apr. 17. 

Steel Truss Highway Bridge with Concrete Floor.* (14) Apr. 25. 

Erection the Manhattan Approaches the Williamsburg Bridge.* (14) May 

Viaduc Viaur (Ligne Carmaux Rodez).* Godfernaux. (30) Apr. 


Electrical. 


The Arcophone. Snyder. (42) Mar. 

Telephone Service. (4) Apr. 

The Development, Equipment and Operation the Sub-Stations and Distributin 
Systems the Chicago Edison Co. and Commonwealth Electric Co. Ernest 
Smith. (4) Apr. 

Grounding Alternate Current Systems. Geo. Eastman. (4) Apr. 

The Engineering Van Renssellaer Lansingh. (4) Apr. 

Electricity Works Tunbridge Wells.* (26) Apr. 

the Application Three-Phase Motors the Electrical Driving Workshops and 
Factories.* (29) Apr. 

Electric Furnace Equipment, Owens College, Manchester, England.* (27) 

pr. 

Electrical Extensions Willesden. (12) Serial beginning Apr. 10. 

Sheet Steel for Static Transformers. WalterS. Moody. (27) Apr. 11. 


pr. 15. 
The Lodge-Muirhead System Wireless Fyfe. (46) Apr. 18. 
Insulating Materials: Field for the Chemist. Max von Recklinghausen. (Paper read 


Telephone Exchanges.* Arthur Abbott. (27) Serial beginning April 25. 

Corrosion Metals Electrolysis. (Abstract paper read before 
the Amer. Electrochemical Soc.) (27) Apr. 25. 

Telephone Switchboard Equipment Bloomington, (27) 

pr. 25. 

Core Transformers.* Apr. 

General Specifications for the Construction Telephone Aerial Lines.* (27) Apr. 25. 

The Telegraphone and the British Post-Office.* Herbert Fyfe. (46) Apr. 25. 

The Cascade Water, Power and Light Co., Cascade, C., Canada, W.G. McConnon. 
(27) Apr. Apr. 25; (14) May 

Notes Recent Electrical and Scientific Developments Abroad.* William Hammer. 
(3) Serial beginning May. 

Water Powers with Heads for Electric Lighting.* Thoburn Reid. (10) 


May. 
The Central Avenue Power Station (Kansas City).* H.S. Badger and Schreiber. 


(64) May. 
The Motive Power the Future.* Horace How. (Abstract paper read before 
the South Wales Inst. Engrs.) (22) 
The New Aberdeen Electricity Works.* (26) May 
Electricity Supply for Small Towns and Villages. 47) May 
The New Brussels Telephone Exchange.* (27) May 
The Blondel Oscillograph.* (27) May 
Equipment the Farmer’s Bank Building, Pittsburg.* Emerson. 
(14) May 
Twenty-Ton Switching Electric Storage Battery Locomotive.* (16) May 
Improvements the Bois Electric Traction System.* (17) May 
The Cour Polycyclic Power Transmission System.* Bragstad. 
(27) May 


q 
Forest Wireless Frederick Collins. (27) Apr. 11. 
the United States. Guarini. (26) Serial beginning 
pe. 
Some Notes Electrically Driven Winding Engines.* (57) Apr. 17. 
before the Amer. Electrochemical Soc.) (13) April 
Electric Safety Fuses. (26) Apr. 24. 
The Development Marconi’s System Wireless Telegraphy.* Emile Guarini. (19) 
Serial beginning Apr. 25. 
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Electrical—(Continued). 


Dactyle Electrique.* Rochefort. (32) Feb. 

Note sur les Installations Rheinfelden, Zurich Schwyz, 
Suisse.* Herman, (30) 

Fonctionnement sur les Réseaux Traction. Maurice 
Soubrier. (36) Serial beginning April 


Marine. 


the Effect Modern Accessories the Size and Cost Warships. Whiting. 
(Paper read before the Inst. Naval Archts.) (12) Apr. (11) Apr. 

the Fast Cruisers.* FitzGerald. (Paper read the Inst. 
Naval Archts.) Apr. 


Refrigerating Machinery for Marine Use.* Bunnell. (13) 


Apr 

The Naval Boiler Problem: Test the Hohenstein Boiler.* Halligan, Jr. (From 
the Journal the Amer. Soc. Naval Engrs.) (13) Apr. 

The Screw Means Propulsion for Shallow-Draft Yarrow. (Paper 
read before the Inst. Naval Archts.) (12) (11) Apr. 

The Condenser Applied Marine Engines. William (Paper read 
before the Inst. Naval Archts.) (12) (11) Apr. 17. 


Screw Steamer for Towing, Salvage and Fire Purposes.* Apr. 17. 

The Italian First-Class Battleship Beneditto Brin.* (12) Apr. 17. 

pr. 

Corrosion Metal Pipes Board Ship. (Paper read before the Inst. 
Naval Archts.) Apr. 24. 

Marine Installations for the Carriage Refrigerated Cargoes.* Balfour. (Paper 
read before the Inst. Naval Archts.) (12) Apr. 24. 

Les Machines Croiseur Protégé Russe Bogatyr.* (36) Apr. 10. 


Mechanical. 


the Use Beaumont Oil asa Fuel. Henry Humphrey. (1) Mar. 

The Handling and Storing Iron Ore. Piez. (2) Apr. 

The Slip Belts. (12) Apr. 

Coking Badly Caking Coal: New Mechanical Process.* (22) Apr. 

Slotting and Drilling Machines.* Thomas Shaw. (47) Serial beginning Apr. 
Power Production Gas Producers and Engines.* Robert Brewer, 
(Paper read before the Civil and Mechanical Engrs. Soc.) (47) Serial be- 
ginning 


Apr. 
Carbonic Refrigerating Machinery for Marine Use.* Bunnell. (13) 


Apr. 

Blooming Mil) the Iron and Steel Works. Apr. 10. 

The Curtis Steam Turbine.* Emmet. (Paper read before the Amer. Philo- 
(17) Apr. 11; (27) Apr. 11; (64) (18) May Extracts (14) 


Gasoline Car.* (46) Apr. 11. 
The Mond Power-Gas Process.* (66) Apr. 14. 
Queen’s Engineering Works, Bedford.* Apr. 17. 
Power Plant for the New Government Building San Francisco.* (14) Apr. 18. 
The Design and Testing Centrifugal Fans.* Gilbert, (Paper read 
before the Civil and Mechanical Engrs. Soc.) (22) Apr. 24; (47) Seria 


Apr. 18. 
The Pedrail—A New Type Road Locomotive.* Herbert Fyfe. (46) Apr. 
) r. 
Gas Manufacture for 1908 the Old Kent (66) Apr. 21. 
Moving 110-Ft. Steel Chimney.* Apr. 


(13) Apr. 

eginning 

Machinery for Panama Canal.* Waldon Faweett. (62) Apr. 23. 

Wind-Engines the Royal Agricultural Society’s Ground, Ealing. 24, 

Modern Development the Steam Turbine.* Frank Perkins. (46) 

Blue Water Gas and Its Enrichment the Peebles Oil Gas Process.* 
(Paper read before the Eastern Counties Gas Mgrs. Assoc.) (66) Apr. 28. 

Chain with Detachable Links.* (13) Apr. 30. 

The New Works the American Lathe Mfg. Company.* (20) Apr. 30. 


The Slag Bricks and Slag Blocks. Edwin Eckel, Assoc. Am. 
(13 


Liquid Fuel for Power Purposes. Arthur Williston. (9) May. 
Illustrated. 


J 
| 
7 
re 
on. 
— = 


| 
| 
| 
j 


CURRENT ENGINEERING LITERATURE. 183 


Mechanical—(Continued). 


Modern American Machine Tools, from the Standpoint Designer.* Charles Ben- 
jamin. (10) May. 

Distributing Gas High Pressure: Some Examples from American 
Practice. F.H.Shelton. (10) May. 

Valve Gear the Porter-Allen Engine.* (64) May. 

The Cotton Oil Industry America.* Tompkins. (10) May. 

Steam Turbine Applications, with Data Performances.* Parsons. (10) 

ay. 

Layout Corliss Valve Gears.* Sanford Moss. (64) Serial beginning May. 

The Hult Rotary Steam Engine.* (26) May 

The New Armour-Plate Mill Creusot.* (11) May 

The Royal Agricultural Society’s Windmill Trials.* (12) May 

Producer Gas. Humboldt Sexton. (47) Serial beginning May 

The Manufacture and Properties Hollow Pressed Steel Car Axles.* Camille Mercader. 
(Paper the Iron and Steel Inst.) (20) Serial beginning May (40) 
May (18) May Abstract (13) May 

Petroleum and Petroleum Lubricants. William Parrish, Jr. (Paper presented before 
the New England St. Ry. Club.) (17) 

The Use Reheaters Compound Engines. (14) May 

Double Drum Boiler.* (14) May 

Les Moteurs Alcool Concours International 1902 (Resultats des Expériences 
Faites Station d’Essais Machines). Max Ringelmann. (37) Mar. 

Les Installations Nouvelles Sucrerie Centrale Cambrai, 
Brunswick. (33) Serial beginning Apr. 18. 

Les Machines Vapeur Diisseldorf.* Dujardin. (33) Apr. 25. 


Metallurgical. 


Electrical Manufacture Steel Sweden.* (27) Apr. 

and the Constitution Alloys. John Alexander Mathews. (62) 
pr. 6 

The New Furnaces the Rio Tinto Works.* (16) Apr. 18. 

Refining Gold Electrolysis. (19) Apr. 18. 

Smelting Raw Sulphide Ores Ducktown.* W.H. Freeland. (16) 

The Krupp Works Essen.* Day Allen Willey. (19) Serial beginning May 

Actuel Nos Constitution des Aciers Carbone. Léon 

Guillet. (33) Serial beginning Apr. 

Procédés Procédé Riecken.* Schiff. (33) 

pr. 11. 


Military. 
The Springfield Magazine Rifle, Model 1902.* (44) May-June. 
Mining. 


Electrical Coal-Cutting Machines.* Fredk. Hurd. (59) Vol. xxv, Pt. 

Electric Winding Engines.* Kilburn Scott, M.I. (22) Serial beginning 

New Ventilating Fan and Engine Littleton Colliery, Cannock.* (22) Apr. 

Central Electric Power Stations for Gold Mines. Kirkland. (Paper read before 
the Mech. Engrs. Assoc. the Witwatersrand.) (47) Apr. 

Mining Methods the Klondike.* Eugene Apr. 11. 

Diamond Drilling. Justice. (Abstract paper read before the Inst. Mining 
and Metallurgy.) (22) Apr. 24. 

Systematic Timbering Continental Mines.* (57) Serial beginning Apr. 24. 

Hoisting from Great Depths. Behr. (16) Serial beginning Apr. 25. 

Miner’s Pthisis and Dust Mines. William Cullen. (16) Apr. 25. 

Chain and Pick Coal Cutting Machines.* Johnson. (16) Apr. 25. 

The Daft and Williams System Electrical Prospecting for Mineral Ores.* (27) Apr. 


The Stewart River Gold Dredge.* Robinson. (Paper read before the Canadian 
Mining Inst.) (68) Apr. 25; (16) May 

Practical System Mine Accounting. (9) May. 

The Weir-Pittsburg District the Kansas Coal Field.* W.R.Crane. (45) May. 

Electric Mining (45) May. 

Present Practice Dredging. (45) May. 

Third-Rail Tail-Rope Haulage System.* (45) May. 

Timbering the Collieries Saxony and Austria.* (22) May 

Electricity Mines.* May 

Modern Method Coal Washing.* Meissner. (Paper read before the Nova 
Scotia Mining Soc.) (16) May 

Process for the Separation Gold from Gravel.* Cloyd Chapman. 

16) May 


Miscellaneous. 


The Engineering Van Lansingh. (4) Apr. 
The State the Patent Cases. Bovie Schermerhorn. (2) Apr. 


Tilustrated. 
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Miscellaneous—(Continued). 


Engineering Work the Louisiana Purchase Exposition St. Louis.* (13) Apr 23. 

The Louisiana Purchase Exposition St. Louis: The Present Status.* (20) Apr. 23. 

The Education Engineers America, Germany and Switzerland. Dalby. 
(Paper read before the Inst. Mech. Engrs.) (11) 


Municipal. 


Portland Cement Sidewalk Construction. (67) Serial Apr. 

Areas and Vaults. Reginald Pelham Bolton, Am. Soc. 

Prices for Street Lighting New York, and Reply Thereto. 
13) Apr. 

Coal-Tar Pavements Northern New Apr. 25. 

Road Laws Ira Baker. Apr. 

Massachusetts State Highways.* 14) Apr. 25. 

State Highway Laws New Jersey. (14) Apr. 

New York State Aid Road Laws. (14) Apr. 25. 

Road Construction and Maintenance Europe. (14) Apr. 25. 

The Use Roads. Hiram Chittenden. (13) Apr. 23; (14) Apr. 25. 


Few Thoughts Present Practice Road Construction. James Owen, Am. Soc. 
(14) Apr. 25. 


Progress Roads. Roy Stone. (14) Apr. 25. 
New Methods Road Construction. Fred arren. (14) Apr. 25. 
Brick Paving Material. (60) May. 


Ma 


(14) 
Service Voirie par Terre Belgique. Bernard. (30) Apr. 
Railroad. 


Pittsburgh—Her Waterways and Her Railways. Antes Snyder. (58) Feb. 

Freight Congestion; Train and Yard Classification; Delays Route; Causes; Remedies. 
Walter Herron. (58) Feb. 

Electric Car Lighting System.* Bliss. 

Axle Lighting. Elmer (42) Mar. 

Axle-Light System Train Lighting.* Arthur Farnsworth. (42) Mar. 

Some the Problems Electric Train Lighting. Geo. Shepardson. (42) Mar. 

Heating and Ventilating Railroad Shops. le. (65) Mar. 

Electric Railways.* Brinckerhoff. (4) 

The Third Rail for High Speed Electric Service. (4) Apr. 

Caledonian Locomotive Giant.* Charles Rous-Marten. (12) 

Great Eastern 3-Cylinder 10-Wheeled Coupled Tank Engine.* (47 

The Electrification the Cincinnati, Georgetown Porismouth.* Stevens. (15) 

10; (40) Apr. 10. 

Test W.Gennet, Jr. (15) Apr. 10. 

Four Cylinder Compounds Europe. Reginald Gordon. 

Proposed Design Locomotive Valves for High Speeds. 

Santa Work China Basin Francisco.)* (40) 10. 

The Magnetic Traction Increaser. (40) Apr. 10. 

The Columbus Shop Improvements.* (15) (18) Apr. 11. 

The Transandine Railway.* (18) Apr. 11. 

Novel Snow Locomotive.* (46) Apr. 11. 

Rock Consolidation (2-8-0) Locomotive.* (15) Apr. 17. 

The Cincinnati, Georgetown Portsmouth Railroad.* (14) Apr. 18. 

New Erie Terminals Jersey City and New York.* (15) Apr. 24. 

The Milan-Varese-Porto-Ceresio Electric Railway.* (26) Apr. 24. 

The General Arrangement Railroad Repair Shops.* (40) Apr. 24. 

The Greater Wabash: General Account the New Construction Extending the Wa- 
bash Pittsburg and the Coast.* (40) Apr. 24. 


Janesville Railroad—Power Plant, Operation and Equipment.* (17) 

r on 

The Locomotive Steel Frame and Its Repairs. McCaslin. (Paper presented be- 
fore Ry. Club Pittsburg.) (18) Apr. 25. 


The Eastern Railw Decapod. James Holden, (10) May 
Trains Ferries: The Cross Channel Passage.* Archibald Hurd. 


ay. 
Steel Cars the Bessemer Lake Erie Railroad.* (25) May 
Freight Locomotive. New York Central and ‘Hudson River Railroad.* 
Freight Locomotive; Chica; Rock Pacific Railway.* (39 


Couplers British Railways.* Brockelbank. 


(29) May 
Clapham Junction Station; London Southwestern Railway.* (12) 


Tank Locomotive for the Great Eastern Railway England.* (40) May 


(42) Mar. 


Apr. 10. 
N.Cheney. (15) 
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Railroad—(Continued). 


The Lackawanna Telephone System.* May 

Fort Wayne Shop Improvements.* (15) 

Frisco System Standard Roundhouse Arrangement.* (18) May 

The Seattle-Tacoma Interurban Railway.* Knowlton. (17) May 

The Manufacture and Properties Hollow Pressed Steel Car Axles.* Camille Mercader. 
(Paper read before the Iron and Steel Inst.) (20) Serial beginning May (40) May 
(18) May Abstract (13) May 

Developments St. Louis Terminal Facilities.* (18) May 

Gulf Ship Island Ry. Shops.* (18) May 

Note sur Locomotive Compound Cylindres Compagnie des Chemins Fer 
Camille Barbey. (38) Apr. 

Quadricycle Wagonette Pétrol pour Circulation sur les Lignes Chemins 
Fer.* Pierre Guédon. (33) Apr. 18. 

Attelage Automatique des Wagons.* (33) Apr. 25. 

Etude sur les Freins. Billy and Noalhat. (36) Serial beginning Apr. 25. 


Railroad, Street. 


Rapid Transit New York. Robert Porter. (11) Apr. 10. 

The East Boston Tunnel.* (15) Apr. 10. 

Car Shops the Rochester Railway.* (17) Apr. 11. 

Ventilation Street Cars.* (17) Apr. 11. 

Subway Structures the Philadelphia Rapid Transit Company.* (14) Apr. 18. 

New Power Plans the United Railways San Francisco.* (17) Apr. 18. 

Subway and Elevated Construction Philadelphia. (17) Apr. 18. 

The Electrification the Mersey Railway.* Apr. 24. 

The Surface Contact Tramways Wolverhampton.* (12) Apr. 24. 

Philadelphia Rapid Transit Plans.* (15) 24. 

Locomotion and London.* Edward Davy Pain. (15) Apr. 24. 

Ohio Traction System.* (17) Apr. 25. 

Working Drawings for Electric Flat Car.* Arthur Weeks. (17) Apr. 25. 

The Construction Semi-Convertible Cars.* (17) Apr. 25. 

The Whitechapel and Bow Railway.* (11) Serial beginning May 

the Worcester Blackstone Valley Street Railway Company.* (14) 

Types Car Tracks for City Streets.* (14) May 

Conduit Construction Brussels.* May 

Improvements the Bois Electric Traction System.* (17) May 

Equipment Yerkes’ London Underground Railways.* (17) May 

Noiseless Railway Crossings.* (17) May 

Métropolitain (33) Serial beginning Mar. 28. 

Chemin Fer Métropolitain Paris: Ligne Circulaire Nord par les Boulevards 
Extérieurs.* Raymond Godfernaux. (38) Apr. 


Sanitary. 


Sewer System for Indiana Harbor, Indiana.* (14) Apr. 11. 

The New Septic Tanks and Bacterial Contact Beds Exeter, England.* (13) Apr. 16. 

Ventilation and Heating Rockefeller Hall, Vassar College.* (14) Apr. 25. 

Excavations for Sewerage Purposes and Unaccounted for Gas: Experience. 
Smithard. (Paper read before the Eastern Counties Gas Mgrs. Assoc.) (66) Apr. 28. 

Ventilating and Heating the New Government Building San Francisco.* (14) May 

the use Influence Lines Graphic Statics.* MyronS. Falk. (6) Jan. 

Paint. Houston Lowe. (61) Mar. 

Rock Asphalt and Asphalt Mastic. Henry Wiederhold. (2) Apr. 

Apparatus for and Methods Treating Wood, Protect from Fire and Preserve 
from Decay. Joseph Ferrell. (2) Apr. 

Manufacture Cement from Marl and Clay.* Henry (2) Apr. 

Proposed New System Building Retort-Houses. (66) Serial beginning Apr. 

165-Ft. Concrete Chimney.* James Schuyler, Am. Soc. (14) Apr. 

Concrete Pile Foundations the Hallenbeck New York.* (14) Apr. 11. 


Comparative Tests.of Limestone and Gravel Screenings and Torpedo Sand for Concrete. 


Preservation Structural Steel Tall New York Building.* (14) 
pr. 18. 


Notes the Treatment Timber. Labrot. (18) Apr. 18. 

The Dome Framing the Chicago Post Office Building.* (13) Apr. 

Recent Advances the Standardization Steel Specifications. (20) Apr. 30. 

and Puzzolan Cements: Introductory Paper. Edwin Eckel. 

May. 

Difficult Supports for Underpinning.* (14) May 

Topographical. 

Use Stadia Surveying Instruments. Dennis Taylor. (11) 
pr. 17. 


Tilustrated. 
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Water Supply. 


Rainfall the Pacific Coast North and South and the Factors Water 
Supply California. Marsden Manson. (1) 

Norwegian Water Power Plant.* Franz Apr. 

Water Tower, Westinghouse Works, Manchester.* (12) Apr. 10. 

Six Niagara Power under Way: Million Horse Power Developed 
Niagara Falls.* Frank Perkins. (27) 

The Marlborough Brook Filter Beds.* alter Patch. (13) 

Mechanical Filter Plant the East Jersey Water (13) Apr. 16. 

The Pittsburg System Water Purification.* (40) Apr. 

Further Investigations Water Waste New York City. (14) Apr. 18. 

Vancouver Transmission Plant.* Wyatt Allen. Apr. 

Brake Test Horizontal Turbine Bates Mfg. Co., Lewiston, Me.* 
William Webber, Am. Soc. (13) Apr. 30. 

The Cost Diamond Drill Borings River Valley and St. Mary’s 
Lake, Montana. Davis. (13) Apr. 

The Cascade Water, Power and Light Cascade, Canada. 
(27) Apr. 25; Apr. 25; (14) May 

The Water Power Development Chaudiére Falls, (13) May 

The Wigwam Reservoir Masonry Dam the Water-Works Waterbury, Conn.* 
Cairns, Am. Soc. (13) May 

Pressure Gauges Aids Water-Works Management. (14) 

Biological and Chemical the Water Department New York City. 
George (14) May 

Note sur les lations Rheinfelden, Zurich Schwyz, 
Suisse.* Herman. (30) 

Les d’Assouan Serial beginning Apr. 

Les Eaux Bruxelles 1902. (36) Apr. 10. 


Waterways. 


Pittsburgh—Her Waterways and Her Railways. (58) Feb. 

Necessary for Commercial Outlet (Pittsburgh). Rodgers. 

Personal the Construction Pier for the Ocos Railway, 
Guatemala, A.* Charles List. (1) Mar. 


Foundation for Pocket Lincoln Wharf. Boston Elevated Railway Co.* Robert 
Davis, Am. Soc. (1) Mar. 

Methods and Costs Pile Pulling and Pile Blasting.* 

Damming the Niagara River Buffalo.* Massie. (14) Apr. 18. 

River Training the Punjab.* (Extracts paper Indian Engi- 
neering.) (18) Apr. 25. 


The Stewart River Gold (Paper read before the Canadian 
Mining Inst.) Apr. 25; (16) May 


The New 30-In. Hydraulic Dredge for the Oregon.* (13) Apr. 30. 
Electric Haulage Canals.* (26) May 


English Shippin Appliances for Coal. May 


Les Travaux Rectification Cours d’Exécution entre Chénée Liége. 
Em. Jacquemin. (30) Apr. 


Illustrated. 
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NEW SAFETY EXPLOSIVE. 


PRESENTED JUNE 3D, 1903. 


Since the days Nobel’s invention dynamite, his mixture, 
close approximation it, has been used practically all industrial 
work requiring the use high explosive—until very recent years. 

For some ten fifteen years Europe, and two three years 
this country, there have been coming into use some explosive com- 
pounds the nitro-substitution class, so-called, which are claimed 
have advantages over the dynamites, from the standpoints non- 
freezability, safety handling, and certain other points, varying with 
the particular compound. 

the summer 1900, while the New York Division the Erie 
Railroad, the writer had occasion recommend for trial explosive 
having picric acid and sodium nitrate for the principal constituents, 
and which was advertised rather higher power than 40% dyna- 
mite. There had recently been explosion dynamite storage, 
for which definite cause was discovered, and which was rather ex- 
pensive; moreover, the 40% dynamite was thought little weak 
for the rock handled, which was hard metamorphic rock, called 
the natives bastard trap.” 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers, with discussion 
full, will published Transactions. 
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box this material, known Joveite, was ordered, careful 
tests made under the supervision the writer, the results which, 
with some supplementary ones which made later, were follows: 

The material yellow powder, resembling corn meal, put 
cartridges similar those dynamite size and shape. quantity 
the powder was placed rail and hammered with sledge with- 
out result until after several trials spark was struck, and the powder 
remaining the rail burned with about the rapidity celluloid. 

stick was then fired into with shot-gun without result, and then 
small quantities equal bulk Joveite and 40% dynamite were 
detonated the corners wrought-iron plate, with view deter- 
mine the intensity explosion. The indication from two trials was 
that dynamite was little the quicker. Several trials were made 
mudcapping, comparison with 40% dynamite, and difference 
the results detected. The powder was then used the rock itself, 
and gave results practically identical, far work was concerned, 
with those from dynamite. Its general use was then recommended, 
and has been continued the present. 

Joveite somewhat lighter, bulk for bulk, than dynamite, the 
proportion being and was found that would just about 
the same amount execution the rock, bulk for bulk. This made 
the cost the same, little less, the price per pound being 
cents. The material dry powder and therefore will not freeze. 
has been used the coldest weather without noticeable variation 
strength sensitiveness, and, far the writer knows, has never 
exploded accidentally. 

soon the men became familiar with the material they began 
take liberties with it, such tamping heavily the hole. This 
gave rise trouble, the first few months its use, for the cartridge 
which was put was made paper and frequently burst under 
this treatment, with the result that the powder was not properly con- 
fined the hole and there were number cases imperfect deto- 
nation. The powder not easily detonated when wet, and, loaded 
wet holes, its use was very unsatisfactory, dynamite being 
but, recently, the manufacturers have devised water-tight cartridge 
with cloth fiber, which admits considerable tamping and distor- 
tion without becoming pervious. Loaded this manner, its use 
eminently satisfactory. 
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The men the quarry had complained the well-known effect 
the nitro-glycerine fumes from dynamite. The writer made careful 
examination Joveite, this particular, and did not succeed get- 
ting suspicion headache from it, and has heard complaints 
this respect, with one exception, which was second-hand, and 
which was unable verify. When detonated, has distinctly 
perceptible odor, which slightly suggestive nitro-glycerine, but 
not unpleasant. 

The detonation accomplished the ordinary manner, the use 
asingle-strength fulminate-of-mercury cap, either with powder 
fuse fired from battery. firing with fuse, some trouble was 
experienced occasionally, from the fact that the material inflam- 
mable. When the cap was inserted too far into the cartridge, the fire 
from the fuse itself would sometimes communicated the powder 

before the primer was fired, which resulted flower pot.” This 
was the use electric fuses, or, the other hand, 
little care the setting the powder fuse. regretted 
that many cases owners quarries still use the old Bickford type 
fuse. 

the spring following the disastrous dynamite explosion Forty- 
second Street, New York City, the manufacturers Joveite held 
public exhibition their product, which they ignited pile 
boxes containing 600 the explosive. The exhibitors said that 
their only feeling nervousness was lest some faint chance mer- 
cury primer might have got among the boxes. crowd stood 
about yds. from the boxes, and must confessed that while the 

mass was taking fire the situation was decidedly interesting. About 
150 200 lbs. the explosive burned immediately, scorching and 
charring the remaining boxes, which had not been broken open. 
These were then broken open and lighted, when the mass blazed 
and was entirely consumed, with the evolution white smoke, 
and odor. Another interesting demonstration* was 
that dropping weight upon box the explosive which 
were scattered bits iron, nails, etc., resting anvil. The fall was 
about ft., producing sufficient heat friction and impact ignite 
the powder. 

very important point, which the writer does not think has yet 


Mentioned letter the writer, Engineering News, January 22d, 1908. 
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been established definitely, whether this explosive can made 


detonate without flame. claimed, the manufacturers 


powder, that their product absolutely flameless, and can used 
safely mine workings where there large quantity dust, 
air. The manufacturers Joveite say that, under special 


conditions, where perfect detonation can effected, they think that 


there flame from their product. mine, under service condi- 


tions, they not claim entire immunity from flame. has not yet 
been demonstrated, the writer’s satisfaction, that any explosion ac- 


companied evolution heat not, under some conditions, likely 


also accompanied flame. Moreover, the question still open 


whether fire damp mine dust, with proper admixture gases, 
may not detonated shock. the writer’s opinion, the most in- 
structive experiments with Joveite were witnessed him the 
company’s laboratory March, 1903. 

Two sticks the material were placed the ground, end end, 
the adjacent ends being about ins. apart, and one stick only de- 
tonated. Afterward, the other stick was detonated itself. Two 
sticks were placed side side, ins, apart, and one detonated with- 
out detonating the other. stick was placed the ground, and 
mercury fulminate cap single strength was fired in, from and 
pointed the center the stick. The blast from the cap tore open 
the cartridge and threw out some the powder without detonat- 
ing it. 

quantity the powder was sprinkled upon red-hot iron plate. 
the particles touched the plate they flashed into flame with sput- 
tering, burned quietly until consumed. 

Asmall quantity the powder was placed small glass tube which 
was turn inserted intothe middle placed between 
the poles extremely powerful spark machine. The machine was 
easily capable generating continuous spark ins. long, and was 
powerful that could not operated for more than few seconds 
time without burning out the heavy rubber insulation from the 
copper wires. was generated, perforated the smaller 
glass tube, about ins. length, longitudinally. The effect the 
spark the explosive was fuse and burst the tube. Most the 
Joveite was burned, and none detonated. 


description the process manufacture Joveite, kindly fur- 
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nished Mr. Frank Harris, Chemist the 
follows: 

The powder composed mixture nitro-naphthalenes, nitro- 
phenols, and metallic nitrate. 


The proportions are follows: 
No. No. No. 


Nitro-naphthalenes................. 


acid used for the nitro-phenol, and what gives the pow- 
der its yellow color. should noted, passing, that this sub- 
stance stains the hands the workmen using it. The stains are 
almost impossible avoid using, unless the whole sticks, paraffined, 
are used, and are exceedingly difficult remove with the ordinary 
materials the workman’s command. The yellow stains are not 
easily visible artificial light. acid soluble alcohol and 
ether. 

The metallic nitrate dried thoroughly means rotating- 
drum dryer, screened, and conveyed steam-heated room 
kept from absorbing moisture. 

The nitro-napthalenes are first melted steam-jacketed kettle, 
and stirred paddle arms, the temperature boiling water. 
Then the nitro-phenols are put and melted, and, finally, the metal- 
lic nitrate, the form dry powder, stirred thoroughly with 
the other ingredients. After time allowed for thorough mixing, the 
powder removed mechanical screens and there granulated 
free-running powder. 

using the nitro-napthalenes this way possible melt 
the nitro-phenols temperature, while the presence nitro- 
naphthalenes the finished product renders quite insensitive 
shock. coating the grains the metallic nitrates with the mixt- 
ure the nitro ingredients, the nitrates become protected from the 
atmosphere varnish, for, while the nitro-phenols are slightly 
soluble water, they are not deliquescent. 

The quality the powder depends wholly the purity the 
ingredients and the intimacy with which they are mixed. 

The granulated powder then packed shells various lengths 
and diameters, made strong cloth-lined paper, and dipped 

solution, which renders them water- and moisture proof. 


Papers.] NEW SAFETY EXPLOSIVE. 413 


The finished shells are packed wooden boxes, with precaution 
jar shock. The powder also sold free-running powder, 
put water-proof bags. 

combustion not possible. There instance 
known nitro-substitution compound, such these, undergoing 
spontaneous decomposition; though the first these bodies was dis- 
covered 1788, and they have since been largely used the arts.” 

Sodium nitrate O,, 


The action this material, taken together with its insensitiveness, 
would seem indicate that detonates rather more slowly than 
dynamite, and, this may said any detonation, progressively. 

The writer has considered this material comparison with other 
high-power explosives use, viewed the light the following con- 
siderations: 

Any high explosive belongs one two general classes: 

proper, which may considered represented 
the mixtures,” such gunpowder and the chlorate mixtures; and 

(2)—Detonating ‘‘compounds,” including the nitric derivatives, 
and nitro-glycerine, and the nitro-substitution compounds, 


such Joveite, Masurite, Lyddite, Bellite, Securite, the Volney pow- 


ders, Emmensite, Gelbite and Roburite. The line demarkation 


between explosion and detonation means absolutely de- 
fined all cases, but, the other hand, there are numbers cases 
which are undoubtedly one side the other this line. Black 
gunpowder, for example, readily exploded when confined heat 
properly applied the form spark. exceedingly difficult 


detonate, however, without the admixture high explosive 


detonated fly walking it, but questionable whether has 
actually been exploded progressively, 
the case gunpowder, the explosion the result combus- 


tion instituted and propagated high temperature, other words, 
heat. The cause detonation not quite clear. Abel’s theory 
Explosion was that was due synchronous vibra- 
tions, the originating cause the detonation being the synchronism 


between the vibrations produced the body which provokes the 
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detonation and those which the first body would produce detonat- 
ing. Mr. his work ‘‘The Modern High 
states that: 

propagation explosions influence not made virtue 
undulatory movement, which complex motion chemical 
and physical order the midst the explosive substance which 
decomposed, while purely physical the midst intermediary 
substances which suffer decomposition. But that which distin- 
guishes this sort movement the vibrations, properly called, 
is, first all, the magnitude the mechanical energy which trans- 
mits; also the unique character the explosive wave which 
propagated contra-distinction with the multiplicity sonorous 
waves. essential observe, that the explosive material 
does not detonate because transmits the movement, but, the con- 
trary, because arrests it, and because transforms the spot the 
mechanical energy into thermal energy, capable raising 
the temperature the substance the degree which will produce 
its decomposition.” 

stick Joveite, placed against iron plate and fired upon with 
steel-jacketed bullet from high-powered rifle, will detonate. The 
impact the bullet the plate will generate considerable heat and 
the same time set high order vibration, neither these 
agencies alone, proved the tests before mentioned, being adequate 
produce that effect. The writer informed that the last-men- 
tioned experiment sheet paper placed between the Joveite and 
the iron plate will nullify the effect. 

The writer has concluded, then, that the statement made the 
manufacturers Joveite correct, namely, that requires for detona- 
tion vibration certain quality and degree intensity, together 
with definite amount heat. 

The contrasted qualities the safety explosives, compared with 
dynamite, can most easily considered tabulating number the 


best-known characteristics ordinary dynamite. These are follows: 


Power; 
Cost; initial price; 
(3) Rapidity action; 


(5) Applicability various conditions work; 

(7) Freezing phenomena; 


(2) 
(4) Facility and cost detonation; 
Temperature detonation; 


(8) Ease transportation and cost; 


| 
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(9) Ease storage and cost; 
(10) Flame from explosion; 
(11) Fumes, and effects from handling; 
(12) Specific gravity; 
(13) Risks; divided into: (a) risks from proper handling; 
and risks from improper handling. 
There satisfactory way comparing the power different 


explosives from the view-point efficiency the rock, except 
actual tests under working conditions. The ordinary method for 
rough comparison load mortar with known weight explo- 
sive, and observe the distance height which projectile will 
thrown. Another plan explode asmall quantity material 
within lead casket, and note the deformation the lead. Neither 
these methods gives comparable results, for the reason that the ob- 
served effect depends upon three factors: The rapidity detonation, 
the volume gases generated, and the temperature the gases 
found. 

The rational criterion the strength any explosive is, course, 
the amount energy (i. force distance) which unit quantity 
will develop. Commercially, this little value, because the well- 
known laws blasting. rather hard rock which very seamy 
the higher grade Joveite, called is, from all the evidences which 
the writer could gather, more efficient than so-called 40% dynamite. 
appears have considerably more energy, pound for pound, but does 
not deliver such quick, shattering blow the higher dynamites. 
When used under conditions comparable those for 40% dynamite 
should loaded charges corresponding with normal dynamite 
charges, bulk for bulk, and will then give probably more economical 
results. For certain kinds tunnel work extremely hard and 
tenacious rock, where the rock much seamed and fissured, the 
higher grades dynamite are probably more efficient than the 
grade Joveite present manufactured. 

The foregoing remarks apply, course, only tothe grades Joveite 
examined the writer. will noted that the highest these 
grades contains only 30% picric acid. There every reason sup- 
pose that will practicable make grade Joveite, containing, 
perhaps, more picric acid, very much more powerful than the present 
product, for fused picric acid practically Lyddite, one the most 
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powerful explosive substances known. salt tri-nitro- 
the same family the picric salts, said effect 

The cost detonating Joveite the same that for dynamite, the 
same primer being used. point which not yet generally appre- 
ciated workmen that Joveite and dynamite, through improper 
setting, will not always detonate they should, and, result, much 
labor and money are wasted. The point setting the sticks con- 
tact and, nearly possible, entirely filling the hole, with the max- 
imum safe amount tamping, often lost sight of. the tamping, 
Joveite has great advantage, may tamped heavily. 

The range practicable application for the safety explosives 
large. writer informed that Joveite has been used successfully 
break frozen iron ore the cars, application probably quite 
beyond the reach dynamite. 

may transported long distances readily, and used for such 
purposes digging post-holes frozen ground. should not 
difficult apply the driving piles, the loosening frozen 
earth and similar work. 

The cost transportation and storage the safety explosives 
should much less than with dynamite. railway collision, 
Joveite will presumably, the most, burn up. storage trans- 
portation difficult see where more dangerous than celluloid, 
except when adjacent box fulminate caps. 

The safety explosives may may not flameless, but the same 
thing true containing nitro-glycerine and 
charcoal. 

The gases from the combustion the picric acid compounds seem 
highly corrosive iron and steel. 

The following list some the dangers arising from the use 
dynamite, which have been subdivided into two classes, and which, 
the light the facts outlined, point striking moral: 

(a) Dangers inevitable, even with reasonable care; 

(1) Spontaneous explosion storage; 

(2) Lightning; 

(3) Part charge failing off and remaining undis- 
covered until exploded either the sun’s rays being 
struck tool; 


r 
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(4) Train wreck; 
(5) Drilling near missed hole; 
(6) Flame. 
Dangers incidental the handling dynamite practiced 
every day; 
(1) Dropping stick box; 
(2) Hole too small for cartridge; ramming down cartridge; 
(3) Ramming too hard, ramming with metal bar; 
(4) Deepening missed hole; 
(5) Returning relight fuse; 
(6) Testing the end hole with iron bar after blast, 
see any the charge remains; 
(7) Forcing primer into cartridge; 
(8) Ramming the first ball tamping clay; 
(9) Breaking cartridge when near the freezing point; 
(10) Stepping upon particles explosive; 
(11) Thawing tin over fire; 
(12) Thawing front kitchen fire; 
(13) Thawing the men’s boots shirts; 
(14) Thawing oven; 
(15) Hot water containing dynamite placed blacksmith’s 
fire; 
(16) Thawing with candle; 
(17) Reheating water which has been used thawer; 
(18) Throwing ground water which contains nitro-glycerine 
from thawing cartridges; 
(19) Rubbing cartridge hands complete thawing; 
(20) Cartridge left pocket garment hung before fire 
dry; 
(21) Having cartridge and primer near each other when not 
use; 
(22) Destroying material not considered desirable. 
Numbers (2) and (6) are the only cases under Class (a) which 


passing high-tension spark through perhaps near natural 
conditions practicable get the laboratory, but the writer 
not satisfied that Joveite may not exploded lightning. 

Under Class have (5) and (21) the only elements danger 
mentioned above which are common dynamite and 
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This list dangers which the writer has complied is, course, 
not complete, but should pretty well distributed over the field 
ordinary engineering practice. 

rival product Joveite, previously mentioned, Masurite, 
which the writer has not tested personally. resembles Joveite, and 
claimed, doubtless with justice, very insensitive shock, 
heat, percussion, concussion, electric spark, etc. 
secret, but contains large amount ammonium nitrate. 
claimed about strong, bulk for bulk, dynamite corre- 
sponding grade, and not only flameless but non-inflammable. The 
cartridge paper, present made, and probably subject 
the same objections the early Joveite cartridges before the adoption 
cloth fiber. will not detonate properly when wet, and requires 
double-strength primer. important objection the fact 
that the material cakes, and that condition will not detonate 
readily, but when being loaded, the cartridges must thoroughly 
rolled between the hands. With reference the claim that this 
material non-inflammable, the point suggests itself whether 
large fire, accompanied with much smoke and carbon suspension, 
ammonium nitrate would not form highly explosive mixture. This 
point the writer will not attempt discuss. 
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Before proceeding the presentation and discussion the experi- 
mental data upon which this paper based, may interest 
describe briefly the reasons which have led the writers make the 
treatment broad the title indicates. 

graduate students Cornell University, the writers had been 
associated experimental hydraulics for year and half before 
the investigations described were begun. During that time 
they had experienced number surprises investigation 
the effect curvature the flow water pipes,* and the 
necessity refraining from jumping conclusions, with little 


experimental evidence, had impressed them more and more the 
work advanced. 


1900, Gardner Williams, Am. Soc. E., Engineer 


Charge the Hydraulic Laboratory Cornell University, made 


papers are issued before the date set for presentation and 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
number Proceedings, and, when finally closed, the papers, with dis- 
cussion full, will published Transactions. 


Transactions, Am. Soc. E., Vol. XLVII, 295. 
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investigation,* from which one the most interesting conclu- 
sions drawn was that the power the velocity, with which the loss 
head water pipes varies, dependent the diameter the 
pipe, being about for very small tubes and increasing about 
for large pipes such used ordinarily the practice the civil 
engineer. 

For pipes below in. diameter, the value seemed drop 
rapidly, while for pipes above that diameter the plotting showed 
very gradual rise. However, the experimental results the region 
where the most rapid change the power seemed occur were too 
few give that feeling entire confidence which evident the case 
most the commonly accepted laws Nature. The desirability 
further evidence was first pointed out the writers Professor 
Williams, and due his interest the matter, and the true 
university spirit displayed the College Civil Engineering 
Cornell University, that the writers were enabled undertake experi- 
ments which, whatever their final aim became, had, their primary 
object, the determination the law governing the flow water 
small pipes. 

The writers entered upon the investigation with the feeling that 
the small sizes the pipes experimented upon would re- 
spect vitiate the results, from engineering point view. will 
shown later, the nature the apparatus and the method ex- 
perimentation were such secure high degree accuracy 
all the measurements. The writers, their studies the effect 
curvature, had reached the conclusion that, the manner 
flow, there practically difference between 2-in. and 30-in. 
pipe. They expected, therefore, that much might learned from 
the results comprehensive set experiments small pipes. 

addition whatever light might thrown upon the general 
subject the flow water pipes, ordinarily understood, the 
writers saw here excellent opportunity pursue their studies 
the effect the temperature the water upon the loss head, and 
hence upon the discharging capacity pipes. The accepted idea 
this matter that the effect negligible pipes commercial size. 
The writers had been led question this, from their work 2-in. 
and they saw the experiments described means 


Journal the Association Engineering Societies, Vol. XXVI (Mar., 1901), 
Transactions, Am. E., Vol. XLVII, 313. 
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ipes. 
Soon after beginning the experiments was found that the power 
the velocity, with which the loss head varies, remains almost con- 
stant for the fifteen pipes different sizes, but all the same material 
(seamless-drawn brass); or, the formula, 

where the loss head and the mean velocity the water 
the pipe, the value was found remain nearly constant for all 
the pipes. This somewhat astonishing fact appeared first 
irreconcilable with the results the investigation Professor 
Williams; but, fortunately, the writers’ experiments covered con- 
siderable range velocities, and was soon found that the group 
experiments small brass and glass pipes (by Jacobson), upon the 
indications which Professor Williams, with considerable justifica- 
tion, had placed great confidence, were all made with velocities below 
the ‘‘critical velocity,” which region the value about 
Hence the results were not comparable with results experiments 
made under ordinary, ‘‘above critical velocity,” flow. This phe- 
nomenon will discussed more fully later. 

The fact that the value the exponent was found 
almost constant for pipes ranging from in. diameter 
would have been sufficient itself warrant investigation into 
the indications reliable experiments large, smooth pipes; for the 
smallest these sizes bears the same relation the largest 2-in. 
pipe bears 40-in. main (see Fig. Plate this were 
the only argument for entering such study, the writers feel that 
they would well deserve the flood criticism which ever threaten- 
ing those persons who presume affirm that the same laws 
Nature control the flow water the smallest pipes the labora- 
tory and the largest supply mains running over hill and dale. 
this paper aimed present few additional arguments which 
may serve make such affirmation appear little less ridiculous 
than heretofore. 

After the experiments had progressed far enough, and several dif- 
ferent temperatures water had been experimented upon for each 
the pipes, became evident that there nothing support the 
notion that the effect temperature negligible large, smooth 


forming idea concerning, even predicting the effect large 
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pipes. fact, the indications were found point such consid- 
erable effect pipes large size that the limits error which most 
hydraulic engineers would assign the best formulas use (all 
which neglect temperature effect) are exceeded several times over, 
owing the temperature factor alone. 

The results the brass-pipe experiments showed such harmonious 
relations that the writers were led undertake some experiments 
pipes which were less ideal and more practical. For this purpose five 
galvanized-iron pipes, ranging from in. commercial sizes, 
were chosen. While these experiments were conducted with the same 
care and precision those the brass pipes, and while each pipe 
itself gave consistent set results, yet, between these results for 
the different pipes, there was surprising lack harmony, 
assumed that all pipes were the same degree roughness. 
short, the value the exponent the formula V", 
was found vary much for pipes nominally and apparently the 
same kind that the writers saw here consideration which might 
throw considerable light the vagaries the much-discussed, 
recorded pipe-experiments modern and ancient times. 

may well this point give few reasons why the formula 
the first place, the very fact that the Chezy 
formula, or, the familiar textbook formula, 


the values are different for different velocities, shows that 
the power something other than there is, indeed, any exponen- 
tial law which applicable.* And the writers venture say that, 
the present time, there has not been evolved any theory which 
will assist answering this question. 

sure, there seems more less firmly notion 
among some hydraulicians that the laws gravity decree that the 
hydraulic slope the loss vary the square the 
velocity. The fallacy this has been shown very clearly Professor 
Assoc. Am. Soc. E., who emphasizes the fact that 
the question concerns primarily the relation between the velocity and 
the resistances, friction,” and through this, entirely de- 

See discussion Allen Hazen, Am. Soc. E., Journal the Association 


Engineering Societies, Vol. (1901), 168. 
Engineering News, Vol. XLVI, 
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pendent matter, the relation between the velocity and the hydraulic 
slope. illustration may make the point clearer. quite pos- 
sible, the use compressed air, maintain high velocity 
very long pipe laid absolutely level grade with just enough head 
water the entry keep the pipe full. Now, once ap- 
parent that the law falling body has nothing with the rela- 
tion existing between the pressure the compressed-air chamber and 
the velocity the water the pipe. fact, the force gravity 
alone, this case, would cause all. 

the absence any theory, the only thing study the 
indications experiments known accuracy. These should embrace 
wide range velocities and several different degrees roughness. 
The records many such experiments have been before the engineer 
for number years, have been also the records investigations 
dealing with the question exponents other than for the velocity, 
other than for the slope and the diameter (or the hydraulic 
radius). Unfortunately, the formulas with fractional exponents, which 
have been proposed from time time, have been regarded generally 
approximations, little, any, closer the truth than the standard 
Chezy formula, and far less easy apply. fact, some engineers 
have been led question whether not water flows pipe 
according any definite determinable laws whatsoever. 

Now, the writers have investigated, the method logarithmic 
plotting the observed losses head with the corresponding veloci- 
ties, experiments which the velocity ranges from fraction 
foot per second ft. per second. Their own experiments, 
almost 800 number, and including twenty-three kinds pipe and 
hose, cover range velocity from ft. per second ft. per 
second. all these experiments, and especially those known 
accuracy all measurements, the logarithmic plottings yield straight 
lines. The slopes these lines differ considerably among themselves, 
or, other words, the losses head vary various the 
velocities,* but, whatever the slope the line, each pipe appears 
have definite law, expressible the form, 

The values and are constant for given pipe given con- 
dition for all velocities. The roughness” entirely 
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provided for them. These appear scientific facts, and the 
writers felt that they had choice regards the formula 
used. has been stated already, there existing theory which 
applicable; but the experimental evidence quite conclusive. 

must not inferred, what has been stated, that the 
writers are opposed the Chezy and like formulas, or, the other 
hand, that they uphold the forms with fractional exponents for 
practical uses; but, for purposes investigation, would most 
irrational start with formula which known only 
approximation, especially when the exact formula just easy 
treat. But, after such investigation completed, the actual 
showings the experiments, will easy and quite proper look 
for approximate forms which may more convenient for the engi- 
neer use. this point, however, more can said, and better 
purpose, after the presentation the experimental evidence. 

Enough has been stated indicate that the scope the investi- 
gation, planned originally, has been enlarged considerably, and 
for such reasons that the writers feel that the whole subject the 
flow water pipes may considered open for treatment which 
the aim present the facts, their relations one another, 
thoroughly rational and comprehensive manner. the purpose, 
far possible, make all plottings bird’s-eye views the whole 
subject, that the experimental results may show glance the 
probable laws which too often have been obscured misleading 
approximate formulas, and unfortunate attempts make the results 
the roughest kind measurements fit these formulas. the 
general plotting, many results such rough measurements have been 
included. fact, the idea has been consider all experiments which 
are record any recognized source information. But 
believed that the method plotting has reduced the greatest 
possible extent the question individual judgment, and has allowed 
each experimental result have its merited controlling 
the final conclusions. 


DESCRIPTION APPARATUS. 


The general plan the pipe system experimented upon shown 
Fig. The pipes were located the basement Lincoln Hall, 
the principal building the College Civil Engineering, Cornell 
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University. The system was fed through the and 2-in. pipes. The 
former extended from equalizing cylinder, which could supplied 
either from tank the attic (the supply which was controlled 
float-valve) directly from the campus mains.* The pressures 
the cylinder, under static conditions, were approximately and 
lbs. from the attic tank and the main, respectively. 

All elbows, tees and auxiliary pipes are galvanized iron except 
the plain iron steam-pipe header from which extend Pipes 
and pipe feeding Pipes XJV, All fittings 
are brass. Experimental Pipes are seamless-drawn 
brass, and Pipes XVII are ordinary commercial, galvanized- 
iron stock. The fittings all the pipes except Pipe are described 
herein. 

Piezometric Fittings.—The individual pipe lengths Pipes 
are connected piezometric couplings special design. Each 
coupling two pieces which screw together such way that 
when the pipe ready for experimentation the pressure transmitted 
annular chamber through 
continuous slit break the 
pipe wide. The details 
the construction are shown 
Fig. and Fig. Plate 
XXXVII. The latter from 
photograph piezometric coup- 
lings Pipe and Pipe 
and shows also the comparative 
sizes these two pipes. The 


SECTION PIEZOMETER NO. 


lathe work inside these coup- 
lings practically perfect, while 
the differences between the in- 


side diameters the pipe and 
the coupling where the faced end 
the pipe screws against 


Scale, inches 
shoulder are generally not more Fia. 


The cylinder and the controlling valves are shown Fig. 119, Transactions, Am. 
Soc. E., Vol. XLVII, cycloidal mouthpieces between the cylinder and the 
5-in. pipe and between the latter and the2-in. pipe are described the above- 
mentioned volume, and also 180 the Journal the Association Engi- 
neering Societies, Vol. XXVI, 1901, while Plate the latter gives longitudinal 
section this part the apparatus. 

The piezometer fittings have been illustrated and Plate IX, 
Fig. Transactions, Am. Soc. E., Vol. 


Xx DADE 
ao = 
a uw 


— 
| 
4 
4 
? 
J 4 


| 

| 

i 

i 

| 

| 

| 

| 

| 

| 

| 

| 

i 

1 

| 


FLOW WATER PIPES. 427 


than in., the smallest amount which can measured accurately 
with the ordinary micrometer calipers (see Table No. the 
couplings were turned, the ends all the pipes had been measured and 
the pipes matched. All threads were lathe-cut. general, the pipes, 
when set up, left nothing desired, far nearly ideal condi- 
tions are concerned. The writers feel that without the excellent 
machine-work done Mr. Cass, Mechanician the Hydraulic 
Laboratory, the value the experimental accuracy would have been 
very small. They desire acknowledge their indebtedness Mr. 
Cass for his accurate and conscientious work. 

account the roughness the galvanized pipes, well 
account the variable diameter, was deemed best toavoid any form 
joint the point where the pressure was taken off. Accord- 
ingly, four }-in. holes, 90° apart, were drilled through the pipe walls 
from the ends each experimental length. For the two 
smallest pipes the holes were in. diameter, and the distance 
from the ends was The drill passed through both walls the 
pipe one setting. Thus, only two the four holes had any burr 
inside. This was removed carefully with rounded file. These holes 
the finished piezometer fitting communicated chamber formed 
large tee slipped over the pipe and provided with pair brass 
bushings each end. Between these bushings, and the pipe, some 
candle wicking soaked with tallow was wound. When the smaller 
bushings were screwed up, the fitting was water-tight. photograph 
one these fittings Pipe galvanized iron) shown 
Fig. Plate XXXVII.* order avoid any error due unequal 
diameters the piezometers, all the experimental lengths were 
turned end for end, after the first set experiments had been com- 
pleted, and second series was with the reversed arrangement. 
this way, also, the effect any slight differences the conditions 
the flow the two piezometers was eliminated. The up-stream, 
entry, length pipe was connected the experimental length 
ordinary coupling. ‘The ends the pipe, however, were faced, and 
the threads were cut that butt joint was secured, avoiding the 
disturbing effect the usual coupling wrought-iron pipe where 
the ends not come together. 


The air-chamber has section like that shown 17, Transactions, Am. Soc. 
E., Vol. 
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Measurements From the ends all the brass and gal- 
vanized-iron pipes there were cut sample rings from in. long. 
Before cutting off the rings the lathe, the ends the pipe were 
faced, the tool being started the inside wall the pipe, thus secur- 
ing sharp, clearly defined edge, and avoiding entirely the burr which 
would result the tool were started the outside. 

Four diameters were measured each ring. The rings from the 
brass pipes were placed the bed dividing engine, and readings 
were taken the inner edges appeared under the cross-hair the 
microscope. The bed advanced mm. for each turn the screw, and 
one two-hundredth part turn could read directly from grad- 
uated the screw. The rings from the galvanized pipes were 
measured with small micrometer beam-calipers reading one-thou- 
sandth inch. 

The means the four measured diameters each ring, corre- 
sponding the mean diameters the ends the brass pipes, are 
given Table No. The numbers refer the position the indi- 
vidual pipe lengths the experimental arrangement, the lengths be- 
ing numbered consecutively, beginning the up-stream end. 
number cases single piece pipe was cut into two three 
lengths. Hence the question the uniformity diameter can 
answered direct evidence. The following list shows what lengths 
were cut from the single factory lengths. 

was cut from No. 
which was not used. 
was cut from No. 
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was cut from No. 


pipe was cut into three pieces, the shortest piece was cut off 
first. All pieces were cut from the unmarked end the factory length. 
The unmarked end the original pipe became the unmarked end 
the first piece cut off. Hence, the marked end short pipe cut 
from factory length represents section the middle the latter. 


TABLE No. GALVANIZED PIPEs. 


DIAMETERS, INCHES. 


CALIPERS. 
Length, 
0. 0 in 


lengths given the table are for the experimental sections. For other 
see 

*The marked ends are also the up-stream ends the first unreversed arrange- 
ment, except where asterisk denotes the opposite. 

The experimental section. 
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Table No. are given the mean diameters the galvanized 
pipes. addition the end caliperings, Pipes XVIII and 
XIX were measured the water-filling method, special precautions 
being taken avoid the adhesion air the walls the pipe. The 
pipe was held vertically, and stiff wire with piece cloth tied 
the lower end was inserted until the cloth was near the bottom the 
pipe. The pipe was then filled, and the wire was drawn with rotary 
motion. The pipe was finally filled flush, and the contained water was 
caught and weighed the nearest lb. Each pipe length was filled 
three times. Allowance was made for the small quantity water 
which remained adhering the inside walls the pipe, determina- 
tion having been made. 

Measurements lengths were measured with 
rate steel tape, and were checked independent measurements. 
They are given Fig. and Table No. For the experimental 
sections, they are, all cases, between the piezometric slits for the 
brass pipes, and between the piezometric holes for the galvanized pipes. 

Methods pipes were laid straight, and, where 
necessary, intermediate supports were used between the hangers 
whole pipe system was supported. account their very 
small sizes, Pipes XJV, and XVI were laid board, and held 
straight tacks. The hangers were levelled carefully. 

shown Fig. there are fourteen valves control the flow 
the various experimental lines, several which have two different 
sizes pipes. will noticed that there all cases considera- 
ble length pipe stream from the first piezometer, Piezometer 
fact, the writers had agreed that desirable have 
entry length approximately two hundred diameters, order 
allow the flow become normal. While this allowance ample, 
does not appear excessive. length one hundred diameters 
is, the writers’ opinion, hardly enough allow the disturbances due 
curve entry die down fully.* 

order get large range velocities possible, the down- 
stream sections Pipes were removed and replaced 
again from time time. several occasions Pipes VJ, LX, 
and XIII were entirely removed, order increase the discharge 
the larger pipes ordinarily feeding into them. 


*Transactions, Am. Soc, E., Vol. XLVII, 


4 
4 5 
4 
4 4 
4 
3 
4 
| i 
x 
7 
4 
ee 


| 


432 FLOW WATER PIPES. [Papers. 


TABLE No. 3.—Brass SECTIONS AND 


Fie. 
Sh | S 
4 C-D 17.073 || XII.—1 | Reducer-A 4.44 lo 02176 
8 B-C 12.045 | | | 5 D-Valve. 1.04 
E-Coupling. 2.07 0.06889 Entry-A 2.62 
Entry-A 
B-C 
D-Reducer. 


The differences pressure between the piezometers were measured 
either mercury water gauges, the differential pe, the pressures 
being transmitted from the piezometers the gauge columns heavy, 
three-ply, cotton-insertion, rubber tubing. The these gauges 
are divided into double centimeters and tenths, the hundredths being 
estimated. All gauges were supplied with riders facilitate accurate 
reading the menisci. The mercury gauges had three columns, and 
the water gauges had either two three columns. Any the gauges 
could used two-column gauges, desired. 

The water was discharged for measured intervals time into 
tank one three platform scales. One these scales has capacity 
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2500 lbs., and accurate the nearest pound. Another has 
for weights not exceeding The two smaller scales were 
calibrated with standard weights the possession the College 
Civil Engineering. The largest was tested comparison. 

Thus, was possible secure the desired accuracy for the meas- 
urement the discharge the smallest the pipes well the 
largest. general, the attempt was made secure average 
accuracy 500 all measurements, whether weight, time 
gauge differences. For the highest velocities, greater accuracy 
has been obtained, while for some the very lowest velocities, the 
weight gauge difference was small render the result accurate 
within only about 1%, or, very rarely, within only but, for 
the vast majority the experiments, believed that the attempted 
accuracy has been secured. 

For many the first experiments, the time was taken from record 
sheet chronograph connected the diverting arrangements and 
the standard clock the Astronomical Laboratory. was found 
that the error using ordinary well-regulated watch was general 
only small fraction fact, using small reading 
glass, the beats can seen quite distinctly the second 
hand the ordinary watch. for all the later runs, the time 
was taken with ordinary watch, and believed that the time 
element well within the attempted limit accuracy. 

During the time which the flow was being measured, the gauge 
was read from six twenty times. pressure was taken from 
the attic tank the columns were quite steady, but when connected 
the campus mains, there was considerable vibration, yet not enough 
greatly the accuracy the readings. The main pressure 
was used, generally, only for the highest velocities, and hence the 
greatest gauge differences. The gauges were tested under no-flow con- 
ditions before and after, and frequently during, every series runs. 
general, trouble was experienced. The columns came quickly 
acommon level. This condition affairs the writers attribute the 
complete control the apparatus, the excellence hose and gauge 
connections, and the great care taken free the whole pipe system 
from air before starting any experiment. The temperature the 
water for the first experiments was taken the tank after the runs. 
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For these cases the temperature the water was within Fahr., 
the temperature the room. For the later experiments Pipes 
VIII XVI, and for all the experiments Pipes (of 
galvanized iron), the temperature was taken with thermometer 
inserted stuffing-box, and with its bulb well within the pipe. The 
positions these thermometer stuffing-boxes are shown The 
temperature was taken the beginning and the end each experi- 
ment, and the mean value used, the differences beingsmall. For Pipes 
was found that the temperature the pipes was the same 
that the tank after filling, within less than Hence, 
the latter was taken, except low velocities, when small jar full 
the water was caught just before and after each run and the tempera- 
ture was read immediately. 

Methods Reduction.—In reducing weights velocities the weights 


cubic foot distilled water the observed temperature were 


taken from table the late Hamilton Smith, Jr., Am. Soe. 
These values are known correct within for the water 
used the experiments. 

reducing observed heads the differential water gauges cor- 
height equal the observed difference and under average pressure 
of, approximately, atmospheres. This amounts subtraction 
approximately one five-hundredth the observed differences. There 
another correction account the difference between the tempera- 
ture the water the gauge and that the pipe, but this very 
small, and uncertain amount, varying from nothing possible 
subtraction one-six-hundredth the observed difference. The cor- 
rection actually applied, cover these two items, subtraction 
one five-hundredth the observed difference for temperatures the 
pipe below 60° 

For reducing observations the mercury gauges, the water 
equivalent was obtained direct comparison. line levels was 
run, and the elevation the top the attic tank above the zeros 
the gauges was determined accurately. One observer measured the 
level the surface the water the tank, while another took read- 
ings the gauges the basement. Eight determinations were made, 
with many different heights the water surface. The 
was found 13.57 for mercury and water 71° Fahr. 
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The eight determinations agreed within per cent. The weight 
column air from the gauge the attic was included the 
lation. Since the temperature the room, and hence the specific 
gravity the mercury the gauges, was practically constant during 
the course the experiments, the observed differences were corrected 
according the specific gravity the water flowing the pipe. 
Thus all heads are reduced water the temperature that the 
pipe. 

All reductions weights velocities, and observed gauge dif- 
ferences loss head, feet water per 100 ft. pipe length, have 
been checked independent calculations. addition, all results have 
been subjected the test two different methods plotting, and 
any apparently wild cases have been recalculated. The writers have 
been pleased find that the efforts maintain high degree 


accuracy all measurements have borne good fruit the resulting 
indications. 


Table No. gives the data for the brass pipes, and Table No. 
the data for the galvanized pipes. 
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69.8 and 309 for Sections B-D and 
D-F together. One experiment 


(309b.) read water gauge. 
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TABLE No. 
Brass 


Loss head, Loss head, Temp. Velocity, feet 


No. Exp’t. Section. water. Section. water. 
Feet per 100. Feet per per. second. 


° 


Length section Experiments 
was 57.496 ft. For Exper- 
iments 34, and 717 
length was 57.518 ft. 


All heads for Pipe were read 
water gauges. 


OND 


ANS 


ROM DOR 


AC 


nor re 


or 


ae 


S Sao 


AS 


4 
| q 
| 
| 


Brass 


| 
| 
| 
| 
| 
| 
| 
} 
| 


° 


+Heads read mercury gauges. 


. 
Bank 


2 
—) 


B-D 25.20 D-E 
18.26 


et DO 


Temp., Air 71°. 


. 


AS 


on 

ao 

— 


24.67 


42.1 


FLOW WATER PIPES. 


438 


| 


TABLE No. 4—( Continued). 
Brass 
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Loss head, Loss head, 
Feet per 100. Feet per 100. 


Heads were measured mer- 
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Brass 


Heads read mercury. 


2.140 
0.652 

A-C 78.10 69.3 

0.187 

78.45 

67.97 

52.37 

0.342 0.348 85.8 

1.524 1.521 81.0 


After Experiment 201 was 
taken out and was allowed re- 
the circulation through the piez- 
ometers was poor. Upon inves- 
tigation, iron rust was found 
the slits. These were easily 
cleaned. 


Temp., Air 76° 383 387. 


WOK 
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2.052 81.0 1.609 
78.10 40.8 Air, 71.6°. 
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TABLE No. 4—(Continued). 
Brass 


Loss head, Loss head 
Feet per 100. Feet per 100. 


7.712 
5.194 


4.445 

empty for time. Upon setting 
circulation through 
the piezometers was poor. Iron 
rust was found 
These were easily cleaned. 
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Brass LX. 


Or 
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B-C 


“ 


172.2 


¢ 


_ 


69.5 
69.6 


2 


~ 


Heads read mercury. 
Columns vibrating badly. 


Experiment there was evi- 
dently mistake Ibs. the 
weight. This was checked 
Experiment 70. Velocity should 
7.652. 


Air, 
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TABLE No. 
Brass Pree 


Loss head, 
water. 
Feet per 100. 


feet 


Loss head, 
per second. 


water. 
Feet per 100. 


Temp. 
Fahr. 


Remarks. 


No. Section. Section. 


69.4 
33.49 69.4 
69.4 
12.31* 69.4 
4.54 69.4 
1.50 69.4 
67.5 
67.5 
69.0 
B-D 44.05 67.5 
30.09 67.5 
17.49 
10.58 


Heads read mercury. 
*Columns vibrating badly. 

4.549 

3.335 Velocities for A-B. 
1.870 


20.59 


won 


For C-D. 


20.85 


Velocities for same for 
Experiments 172 175. 


For 
C-D. 


ou 
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Air, 67°. 
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6.18 
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A-B 4.567 +Heads read mercury. 
29.37 69.0 
69.0 2.813 
69. 
87.35 88.30 69.0 
15.05 15.66 70.0 2.517 
8.70 9.08 70.0 1.882 
135.1 69.0 8.741 372 and the discharge valve 
135.3 56.5 8.497 remained the same position. 
206.4 57.5 10.872 the temperature effect 
198.3 10.077 Pipe removed, 372 492. 
158.7 37.8 8.918 Air, 67°. 
124.2 87.0 7.685 
92.3 37.0 6.513 
197. 10. 
198. 10.206 
199.0 43.9 10,266 
283.5 48.5 Section B-C removed. 
286.5 39.9 
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TABLE No. 4—(Continued). 
Brass Pree 
Loss head, Loss head, 
Feet per 100. Feet per 100. 


Head read mercury. 
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13.651 
11.48 
13.20 
10.71 


10.07 
8.836 
2.744 
6.182 
7.468 


*Columns vibrating badly; vibra- 
greater 293 than 294; 
critical-velocity region. 


Air, 70°. 


Air, Removed ‘TJ, 
try length 
meter End length 
AI, with reducer, 
screwed into 
B-C removed. 


B-C put on. 
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TABLE No. 4—(Continued). 
Brass 


Loss head, 
Section. water. 
Feet per 100. 


135.4 
“ 
133.0 
“ 64.35 
207.2 


ele 


81.2 
288.7 
249.5 
235.1 
243.5 
290.0 


Luss head, 
Feet per 100. 


° 


oS 


& 


Velocity, feet 


per second. Remarks. 


Heads read mercury. 


For 4-B 


~- 


10.165 Experiments 161 167 were sim- 
8.780 ultaneous with 154 160. The 
7.016 heads were read water 

5.7 gauge. The heads given for 

4.321 B-D (154 160) are really for 

8.430 C-D, the B-C heads (161 167) 

having been subtracted. 


Air, 


Air, 


B-D removed. 
Air, 
/11.910 
12.175 


Ot) =) = soo for) or 4 
| 
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Brass XV. 


° 


2.892 +Heads read mercury. 
2.596 
2.362 
1,248 
0.300 
6.761 
5.946 
5.384 
4.630 
3.730 
1.953 
8,304 
7.249 

11.868 B-C removed. 

10.519 
9.102 
7.109 
5.075 
2.894 
1,952 
1,362 
8.398 
6.537 


A-B 


Papers. 


be 


BOW SOS 


281.9 


8.489 Pipes cleaned. A-B stream, 
7.500 
3.276 
2.537 
1.767 

8.460 


255.4 placing Section B-C stream. 


FLOW WATER PIPES. 


448 


seg 
| 
Pliiiiii: 
| 
| 
| 
| 
| 
| 
pews 4 | | 
| 


TABLE No. 4—(Continued). 
Brass Pree 
Loss head Loss head, Tem 
No. Section. water. Section. water. Remarks. 
Feet per 100. Feet per 100. per second. 
98.73 70.7 5.179 was taken down the ends were 
206 54.8 7.661 refaced and rethreaded. Subse- 
479.7 59.8 12.659 Air, 72°. 
8.625 Air, 71°. 
2. 
565.7 Air, 74°. 
555.7 13.036 Air, 68°. 
5 9. a 11.27 


Brass XV. 
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Brass 


100..... 


oe 


B-C 280.5 
230.2 


° 


Heads read mercury. 

Sudden change gauge 
columns, probably due 
the settling the valve. 


for) 


B-C removed. 


. 


Pipes Nos. and interchanged, 
placing section B-C stream. 
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mt 


B-C removed. 


| | 
| 
ay 


451 


FLOW WATER PIPES. 


Papers. 


TABLE No. 4—(Continued). 
Brass 


No. 


Section. 


Loss Head, 
in water. 
Feet per 100. 


Loss 
water. 
Feet per 100. 


Section. 


287.8 
443.9 
440.7 


Temp. 
Fahr. 


a 


Velocity, feet 
per second. 


Remarks. 


No. 419 seems erratic. No. 448 
taken check. 

*In No. 420 the head decreased 
jumps, probably due the valve 
settling slightly. 

Air, 


Air, 66°. 


Air, 71°. 
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TABLE No. 
Brass Pree 
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Loss Head, Loss Head, 
Feet per 100. Feet per 100. 


8.516 

6.140 Air, 65°. 

4.071 Air, 68°. 
3.142 

0.958 

0.387 
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No. Exp’t. 


Loss Velocity, 
head. feet Remarks. 
Feet per 100. per second. 
70.89 10.036 All heads measured 
35.8 7.498 mercury. 
54.00 44.4 8.762 
42.5 7.452 Air, 64°. 
25.85 
13.17 4.229 
5.88 2.795 
35.5 
35.6 8.476 
28.75 6.340 
16.51 4.766 
44.19 59.5 7.955 
6.092 
43.6 
GALVANIZED 
51.61 9.469 All heads measured 
41.11 42.9 mercury. 
80.06 42.4 
20.60 42.0 5.708 
10.40 42.5 3.913 
4.99 42.8 2.618 
11.470 
36.0 
50.87 9.635 
32.41 
39.8 
85.8 11.405 
50.10 36.1 9.159 
19.99 5.513 
8.47 36.5 
51.74 9.271) Experimental 
38.2 4.811 stream) for these experi- 
35.1 10.916 ments. 
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No. 


Loss head. Velocity, 


feet per 
Feet per 100. second. 


Remarks. 


All heads measured 
mercury. 


Experimental 
versed for these ex- 
periments. 


intime? Velocity 
may 
Experiment 768. 


All heads measured 
mercury. 


Experimental 
versed for these experi- 
ments, 
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| 
48.6 12.560 
77.00 80.2 9.196 
GALVANIZED XX. 
| 
8.781 
57.4 6.156 
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feet per Remarks. 
Feet per 100. Fahr. second. 


No. 


408.5 11.411 All heads measured 
8.956 
181.3 52.2 7.489 
125.6 59.2 6.219 
57.8 5.085 
58.77 57.1 
59.8 3.067 
374.9 10.763 
311.8 38.6 9.830 
258.4 37.4 8.938 
195.3 37.4 7.739 
133.8 87.5 6.394 
84.05 38.0 5.025 
47.50 38.4 3.756 
5.97 42.6 1.305 
11.94 44.0 
25.69 2.744 
268.1 46.3 9.112 
142.6 6.621 
49.7 
815.4 36.4 versed (Piezometer 
244.5 38.9 8.464 stream) for these 
39.0 4,731 


STANDARD TEMPERATURES. 


Brass experiments had been made each pipe, 
preliminary logarithmic plotting the results showed that for each 
the fifteen brass pipes the loss head varied very nearly the 
1.75 power the velocity. Advantage was taken this fact bring 
the results chosen standard temperatures. Plates and 


XXXIX were drawn, using heads feet per 100 ft. ordinates and 


the values abscissas. For any particular pipe 


plates, will noticed that there gradual increase the ordinate 
the temperature the water drops, and that points about the 
same temperature lie approximately straight line. Such lines 
were drawn for standard temperatures 70,55 and 40° Fahr. 
difference ordinates between two lines, divided the ordinate, 

gives the ratio percentage increase decrease the loss 
head for change temperature degrees. The percentage 
always less for 40° than for 55°, the ordinate itself greater. 
those cases which the distances between the lines were different, 


thus resulting two different percentages 55°, the average these 
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two percentages was taken. The three percentages reduced per- 
centages per 10°, instead 15°, were then plotted ordinates, with 
temperatures abscissas, and smooth curve was drawn through the 
three points. The percentage correction per 10° for any observed 
temperature was read from these curves. The diagram used shown 
Fig. which will seen that for all pipes the factor 
about per cent. Another diagram constructed, frcm 
which the corrections the different heads for any temperature 
interval could read, and the correction desired was then obtained 
the slide-rule. 


PERCENTAGES PER DEGREES USED BRINGING OBSERVED RESULTS 
STANDARD TEMPERATURES 70, 55° AND 40° 


3.0 


Percentage per 10 degrees difference in temperature, 


Temperature of observation. 


Fig. willbe noticed that for some pipes the percentage 
curves slope downward for increasing temperatures, and for other 
pipes there opposite tendency. While not maintained 
that these corrections are accurate, believed that they are correct 
within several tenths per cent. this true, profile view 
Fig. 70°, 55° 40°, made taking the percentages and plotting 
them with respect the pipe diameters, gives indications sinuous 
relation between the temperature effects and the diameters. The 
evidence, however, not conclusive enough justify the statement 

Aside from errors judgment drawing the lines Plates 
and XXXIX, there least one way which small errors 


5.0 
IV-VII 
| | > 

2.0 2.0 
40° 50° 60° 70° 


Loss Head (Feet per 100 feet length.) 


o 


Values 
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EFFECT TEMPERATURE THE LOSS HEAD 
BRASS PIPES 
‘Losses Head are plotted ordinates 
Pipe Sec. B-D Mercury 
Pipe a “ B-C B-C 
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might introduced into the reduction factor. will seen later, 
the tables for and that for the different standard temperatures 
there are slight differences the value for certain pipe, and 
sometimes quite decided differences between these values and the 
preliminary value, 1.75. The differences the values would result 
changing the relative position they are all drawn upon 
the basis The fact that sometimes different from 1.75 
results giving slight curvature the line passing through the 
points certain temperature. stated, however, the errors are 
not large, and, taking into consideration the fact that the correc- 
tion intervals were almost all cases less than 10°, certain that 
the limits error mentioned have not been exceeded. addition, 
the corrections were usually made from both sides the standard 
temperatures, and any appreciable error would evident once 
the plotting. 

Another method for getting the temperature correction consists 


plotting the values ordinates, with the temperatures 


abscissas. When this done, straight line results some cases 
and curve others. same results the method 
already presented, but, taken altogether, not reliable. 

Pipes.—For the galvanized pipes, diagram was made, 
for the brass pipes, using for the abscissas those approximate powers 
the velocity which preliminary logarithmic plotting showed for 
each pipe. These powers values were quite variable, the 
following values show. 


Pipe XVII 


The diagram, however, did not give such consistent results did 
the diagrams for brass pipes. The experiments were mostly the 
neighborhood degrees. The results somewhat 
erratic, and many cases the estimate had based the assump- 
tion uniform change from degrees. Upon passing the 
final plotting, however, these estimates, which varied from 
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for 10° difference temperature, showed themselves error. 
More consistent factors were obtained using large-scale 
paper for preliminary plotting. Upon Pipes and 
XXI very little evidence temperature effect could found, and 
the results were not corrected. For Pipe 1.5% for 10° was 
found apply; and for Pipe 1.25% was used. For Pipe 
the results were changed the neighborhood 40°, but, from 
all appearances, this would too large the vicinity degrees. 
Pipe however, seems exceptional, several respects. 

Logarithmic Plotting Results.—After being brought the standard 
temperatures the results were plotted regular, 10-in. base, logarith- 
mic, cross-section paper,* plotting losses head ordinates and 
velocities abscissas. The use such paper now common that 
explanation considered necessary. 

This plotting shown Plate XL, which contains the results for 
both brass and galvanized pipes, plotted, however, for different 
origins. For the brass pipes, lines are drawn for the three standard 
temperatures, but for only one experimental section each pipe, 
order avoid confusion. 

Close inspection will show that some instances the points not 
lie exactly the line. such cases investigation was made see 
the reason existed error the temperature reduction factor, but 
was found that the differences were due other causes. Some- 
times the results obtained mercury readings were slightly different 
from those taken water. Altogether, however, the lines fit the 
points very well. Attention may called here the great uniform- 
ity slope for the brass pipes. 

Table No. gives the values and determined from the 
logarithmic plotting. cases, however, where the points not lie 
exactly straight line, where, Pipe 40°, the points 
which determine the line are few number, and for high velocities, 
there little uncertainty drawing the line. this way, 
small variations may brought about, but when consid- 
ered that there corresponding change will seen that the 

two values taken together will represent the conditions quite accu- 
rately. 


The writers were supplied with this paper John Freeman, Am. Soc. 
whose generosity and kindly interest they desire acknowledge. 
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from Plates XXXVIII and XXXIX which the points were plotted 
with heads ordinates and the values abscissas. The 
slopes the lines drawn must give the values corresponding 
the power, 1.75, the velocity. Upon comparing these values 
with those obtained from the logarithmic plotting, seen that they 
check quite well. These values are greater less than the val- 
ues determined logarithmically, accordingly greater less 
than the true Taken altogether, with these values and 
can represent closely the whole series experiments, 

The method least squares could also applied getting the 
values This was tried the case Pipe and 
close check upon the values taken from the logarithmic sheet. The 
method least squares, however, not convenient, and does not 
expose the errors which may occur. 

The differences results for two sections the same pipe not 
seem accounted for through differences diameter, except 
Pipes where differences were known exist and 
were allowed for the calculations. the other pipes small differ- 
ences resistance are noted, but must accounted for otherwise. 
first used, the two experimental sections Pipe showed very 
discordant results, the table and the logarithmic plotting show. 
After being cleaned drawing waste cotton through, the results 
were more consistent. During the cleaning small scale brass was 
drawn out, and seems very probable that the small differences noted 
other pipes may due similar causes. 

Table No. gives the values for the galvanized pipes. 
shown the logarithmic plotting, Pipe seems ex- 
ceptional pipe. Even though smaller diameter than Pipe XVII 
the losses head, for velocities above 2.4 ft. per second, are lower 
than Pipe for the same velocity. will remembered, also, 
that Pipe the one which showed high temperature effects 
the neighborhood 40°, and that the only one the galvanized 
pipes which had been use before the experiments. slight, silt- 
like deposit which had occurred the inner walls was entirely insuf- 
ficient relieve the roughness. Although the galvanized pipes 
not seem give such consistent results the brass pipes, the experi- 
ments were made with the same care. 
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Section. 


0.375 1.750 
1.776 Few points for 
0.497 1.730 
1,741 
0.584 
0.660 
0.729 
0.850 
0.815 1.758 
All 70° were made before pipe 
was set the second time. 
1.51 diagram for C-D VII gives 
1.64 1.780 1.47 and 1.55. 
2.05 1.760 
2.40 1.750 
2.60 1.746 
1,745 
2.94 1,741 
3.12 
3.26 1,749 
8.51 1.747 
3.27 1.739 
3.48 
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TABLE No. 


Pipe. Temp. Fahr. 
0.820 
0.905 1.802 
1.320 1.863 
1.74 1.906 
1.81 1.910 
1,961 


VELOCITY. 

One the most interesting features Plate Fig. the evi- 
dence regarding critical velocity. might expected, this phe- 
nomenon most prominent Pipe where the peculiar effects 
are evident relatively high velocities. For low velocities, 2.5 
ft. per second, the slope showing that the loss head directly 
proportional the velocity. Above velocity 3.5 ft. the slope 
about 1.78. Between these velocities there region where the slope 
gradually changes and reaches value greater than 
The cause, Osborne Reynolds, has shown* change 
the conditions flow. 

The effect temperature the point which the change takes 
place well shown Pipe and also Fig. which has been 


prepared from the observations Hagen.+ For these experiments 
was allowed for head lost entrance (square-edged). This 
may not quite correct. The pipes were short, being 1.55, 3.57 and 
3.42 ft. long, for the small, medium and larger sized pipes, respec- 
tively. Any other allowance for entry would not change the relative 
position the lines any great extent. The figure has been in- 
troduced show the effect temperature the critical-velocity re- 
gion, particularly for greater temperatures than the writers could 
obtain, and also verify the indications the present experiments. 
The principal point brought out that the change takes place 
higher velocities for lower The change the power 

Proceedings, Royal Society, Vol. 35, 1883. 

Abhandlungen der Berliner 1854. 

Some recent riments substantiating this very point came the writer’s notice 
after this paper had been written. They are Messrs. Coker and Clement, 
and record them the Transactions the Royal Society, Series Vol. 
201, pp. 45-61. single brass pipe, 0.3779.in. diameter and ft. long, wasused. The 
experiments, also, check closely the obtained the writer’s for 
ordinary, flow. The range temperatures was from 50° Cent., 


122° Fahr. The interesting point made that the intersections the lines for 
ordinary and for stream flow vary the viscosity the water. 
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1.75, takes place Pipe velocity 3.5 ft. 70° and 
about ft. for 40°. Particular attention also called the crossing 
the lines, and the fact that where the loss proportional the 
first power the velocity head for any certain temper- 
ature interval many times greater than where the loss proportional 
the 1.75 power the velocity. For Pipe XVJ also obtained 
for degrees. pipes, Pipe for example, where two sec- 
tions show very slight differences under regular conditions flow, the 
differences are magnified below the critical velocity. 

The interesting question, however, connection with the critical 
velocity, whether element considered for the velocities 
and pipe diameters used practice. the basis the experiments 
brass pipe, that there continuity law where ex- 
tended diameters greater than those experimented upon, the ques- 
tion may given approximate answer. The question involves 
the determination the relation between the pipe diameter and 
the velocity which the power the velocity ceases 1.75. 

Plate the points for Pipes XV, and VII, 
may determined fairly well experiments approximately 
degrees. addition these points, the writers have also the evi- 
dence experiments very low velocities Pipe These were 
made early 1901, connection with another study hydraulics. 
The heads were measured first with water and later with oil gauges. 


The region critical velocity was explored thoroughly. evi- 


dence the phenomenon was found the first ft. pipe down 
stream from the 5-in. pipe. For this section the ordinary flow equa- 
tion seemed hold, down velocities low 0.25 ft. per second. 
But, the succeeding length, corresponding Section A-B the 
‘present experiments, the gauges showed decidedly unstable condition 
flowfrom 0.55 per second down about 0.35 per second. The 
temperature the water for these experiments was about degrees. 
The critical-velocity points seem lie approximately straight 
line. was drawn, and the intersections with the 70° lines 
slope, 1.75, were marked. The velocities thus determined were then 
plotted logarithmically, with respect the diameters, and from this 
plotting the law for impending critical velocity 70° degrees ap- 


pears This expression, being only roughly approxi- 
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(d,in feet). For 40° there are 
only two points, namely, Pipes XVJ and but these indicate the law 
0.15 


expressed 


The older series experiments not include many with velocities 
below ft. per second, and the critical velocity, therefore, not easily 
determined. They seem indicate, however, that the velocities 
which ordinary conditions are established are somewhat lower than 
those given the foregoing formula. However, seen from the 
formula that the change condition takes place very low velocities 
for ordinary sizes pipe. Moreover, appears from Pipe 
seems that, for large sizes, long length straight pipe neces- 
sary allow the below-critical-velocity flow adjust itself. 

The formula given determines only the limiting point for the use 
the power, 1.75. .The lower points, where the loss ceases 
directly proportional the velocity, are approximately the same 
line that was drawn the other case, but the intersections must now 


taken with the lines slope The law seems about 
0.045 


This law, however, not much interest the one 


applying the upper points. 

seems that the question critical velocity, while considerable 
scientific interest, practical importance the engineer; but 
space has been given its consideration account the fact that 
many scientists have been led astray attempting apply experi- 
mental data from very small pipes pipes used the engineer, 
simply because the change the manner flow was not understood. 


had been planned perform considerable variety experi- 
ments small hose, especially regards the effect curvature 
the loss head. Unfortunately, there was not enough time 
follow out more extended experimental study the interesting and 
surprising results obtained. 

The hose were fed from the bottom the large drum, 1.135 ft. 
internal diameter and 2.167 ft. long, the up-stream end the 5-in. 
brass pipe. bushing, 1-in. short vertical nipple, reducer- 
elbow, short nipple, valve, and bushings into which 
the connecting nipples the hose screwed, were the fittings, their 
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respective order. The valve was wide open during the experiments, 


the pressure being regulated 2-in. valve the pipe leading into 
the drum. air-chamber was attached the top the drum, and 
from this connecting hose led two-column mercury gauge, one 
arm which was open the air. all the experiments the hose 
were allowed drop the floor (about ft. below the bottom 
the drum) and laid straight (curve experiments excepted, course) 
along it, except for easy return curve about ft. diameter and 
slow rise the sharp downward curve the discharge end. Thus 
the entry and discharge conditions were alikein all experiments. The 
level the discharge end, with respect the gauge scale, was deter- 
mined. extreme variation 0.1 ft. might have occurred. 

Experiments Nos. 655 658 the hose was laid board and held 
position horizontal plane means nails. The loops oc- 
curred the ends the board where the hose returned itself. 
Except the ends, the curves were semicircles alternating direction 
curvature, the radius being the same when the hose was wound 
the cylindrical drum. 

The hose used were three-ply, cotton-insertion, rubber tubing 
with smooth interior surfaces. The inside rubber lining was very 
heavy. 

has been the established idea that reversal curvature intro- 
duces about twice much loss head the same amount con- 
tinuous curvature, the length pipe being the same the two casés. 
The experiments Hose contradict this flatly that can only 
concluded that there something radically wrong with the 
hypothesis underlying the accepted notion. The small size the 
hose might regarded bar the serious consideration the 
results, but the experiments John Freeman, Am. E., 
2.49-in. hose* are somewhat confirmatory. Mr. Freeman found 
that full circle ft. radius (9.65 diameters) gave practically the 
same excess loss over straight hose that given four quadrants 
the same radius, but introducing two reversals curvature. 
figures, the full circle gave 54% less excess loss. 

the curvature experiments Hose the data which are 
given Table No. the radius curvature was ins., nearly 
eight diameters. The amount curvature was purposely made 
large that the effects might show uncertain manner. 


Transactions, Am. Soc. E., Vol. XXI. 
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Hose 47.93 ft. 0.370 ins. 
Total 
No. 
ment. water. 
27.08 54.6 650. 6.066 curves addition one 
650 28.7 beginning and one end; 659 
651 99.9 75.5 same; 651 654 hose wound 
653 49.5 23.37 4.886 around drum ins. 
654 22.9 17.9 3.241 diameter; 655 658, curves, 
655 49.10 99.4 84.6 including loops; reversals 
656 51.2 38.14 66.6 6.760 curvature: curves same 
657 25.16 51.0 45.0 radius 651 654. 
658 53.0 24.9 22.6 curve experiments there were 
Hose A,. in. 
680 62.2 22.08 basedon Experiments 647 
681 63.5 8.86 2.108 650. 
Hose in. 
695 43.5 18.77 based Experiments 687 
71 58 14.48 
705 50.5 49.14 \10,.815 
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The most surprising result was, that, although each series showed 
most decided effect the loss head and the discharge, the value 
the formula remained practically constant, the 
large changes being the value (There small increase for 
the case reversed curvature.) Should this result confirmed 
further experiments along this line, will have important bearing 
the subject the nature the resistances which cause loss 
head For would appear that the value the exponent, 
determined solely the nature the inner surface the pipe, 
while depends the distribution the velocities throughout the 
cross-section, and the temperature. 

The fact that the reversed curves caused only about half much 
increase resistance the continuous curves certainly something 
think about. isto hoped that further and more elaborate 
experimentation may bring out the laws which govern the resistances 
various cases flow curves. may not out place 
suggest the bearing such studies, not only sinuous supply 
mains, but also the flow turbine wheels. 

The results the experiments the hose when laid with easy 
curves and tangents are interest their relation the results 
the brass and galvanized pipes. The values obtained 
from logarithmic plotting, are follows: 


feet 

Hose. Diameter. per 100 ft. 


The experiments were made with high velocities ft. 
per second), and probable that the usual allowance for entry loss 
insufficient, the velocities the fittings being considerable. 
The high value and the low value bear out this statement. 
Hose free from this objection. 

Especial attention called the low values for Hose 
and 
EXPERIMENTS Entry Loss. 

The writers made some experiments investigate the commonly 
accepted value for loss head due square-edged entry. The 
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experiments were made Pipes and For Pipe the cycloidal 
mouthpiece the junction the 5-in. brass pipe was replaced 
specially turned brass bushing with plain inside face. The opening 
this 2.096 ins. diameter, the same Piezometers and 
Section Pipe was moved stream next the 5-in. pipe, 
and Piezometer was inserted between the first two pipe lengths 
the section. The slight ridge where the pipe was screwed against 
shoulder the bushing was smoothed down. The entry length 
Pipe likewise, was screwed into brass bushing, giving square- 
edged entry. air-chamber was substituted for the end air-cock 
top the header, and the pressure was taken from this. The diameter 
the header ins.) large, relatively Pipe that practically 
static conditions prevailed. For Pipe however, the effect the 
small velocity the 5-in. pipe the up-stream piezometer has been 
considered. 


The results are given Table No.9. will seen that the 


values for Pipe check fairly the accepted value, 0.5 Pipe 


however, gives lower indications, the values seeming average 
72 
about These results indicate the possibility higher value 


than 0.5 for pipes commercial size. 


The experiments Pipe seem show that the piezometric 
effects square-edged contraction not extend diameters 
down stream. Section gives normal results. Pipe 
the other hand, Experiments 666 670 show that diameters are 
not sufficient, for both the high results for entry loss and the low 
results for the loss Section A-B show that Piezometer was 
the abnormal-flow region. With these results the evidence obtained 
the writers the effects curves* should compared. 


The engineer will ask: what use are refined laboratory experi- 
ments pipes with conditions never met practice?” Waiving the 
answer, for the present, let examine the evidence had the 
general subject the flow water pipes. 


Transactions, Am. Soc. E., Vol. 317. 
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TABLE No. 9.-—Enrry Loss. 


m - 
Observed head 
water sec- 
tion between|Observed head Velocity 
No. Piezometer Section A-Bin|Loss head due Pipe 
experiment Temperature.| 5-in. pipe to| water. entry, A-B considered Remarks. 
piezometer ouble centi- 
iezc Double centi 
2-in. pipe. meters. Double centimeters. 
Double centi- 
meters. 
The up-stream section consists 3.5 ft. 
36.0 16.85 29.95 2.48 0.454 4.811 A-B Square-edged contraction. 
37.0 5.46 10.34 0.79 0.508 2.594 A-B normal, since loss the same 
36.8 10.61 19.40 1.50 0.453 3.761 other experiments. 
Observed head |Observed loss due entry alone Loss 
experiment. Double Double centimeters centi- second 100. 
mercury. mercury. mercury. 
8.48 0.40 0.330 1,21 8.011 103.9 
47.8 8.60 8.64 0.40 1,18 105.9 
48.8 14.18 14.04 0.69 2.08 10.506 172.0 
50.9 5.38 5.47 0.23 0.71 6.136 67.0 666 670: 
63.9 5.27 13.62 0.81 0.378 2.14 10.672 167.1 (entry) 1.144 ft. 
48.0 9.98 0.54 1.40 8.611 121.7 
50.4 2.11 6.01 0.78 6.456 73.6 
52.0 7.94 20.38 8.25 249.7 
51.2 4.55 3.18 0.16 5.070 47.9 
51.8 9.26 6.34 0.88 1,08 95.6 


“ON FWITAV.L 


6 


‘ssOry 


Papers. FLOW WATER PIPES. 


Wherever possible, the original records experimental data have 
been consulted. the method logarithmic plotting losses 
head with velocities, some 150 series experiments have been inves- 
tigated, and the values and determined. The writers early 
came upon the necessity either considering all the evidence, else 
running the risk making errors judgment and perhaps 
allowing partiality more play than desirable such study. 

the preliminary plotting, all experiments which had been inves- 
tigated were considered. the final plotting many are left out. 
But the writers can state conscientiously that the conclusions are not 
altered thereby. The experiments omitted from the plotting are 
mostly old German and English experiments, the exact conditions 
and methods measurement being generally unknown. they were 
included (and the writers were sorely tempted account 
the indications most them) they could not given much weight, 
matter what the indications, account this uncertainty. 

Considering now the general subject, presented Plate 
XLI logarithmic plotting the values (as determined from 
plottings each series experiments), with the diameters the 
pipes. will noticed that the values are marked near the 
points. These serve descriptions the nature the pipe, from 
the experimental standpoint. addition this, the material also 
indicated. This latter the engineer’s description, and usually 
far from complete, but, with the assistance the knowledge 
value the indications can discussed more rationally. 

will seen that the range pipe diameters varies from in. 
ft. very examination will show that all the points lie 
comparatively narrow zone and hence indicate some exponential 
relation. 

First all, the line best fitting the points for the writers’ brass 
pipes has been drawn. account the very considerable effect 
temperature the value the middle points, for 55°, have been 
used. There are plotted, also, the points for 40° and 70°, but these 
are not used, except convey the eye the magnitude tempera- 
ture effect. 

The variations the value for the seamless-drawn brass pipes 
(all apparently the same degree roughness), have been noted. 
Hence, corresponding indications due the values are 
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expected, and the variations from the line which has been drawn are 
seen Plate XLI. 

One feature will noticed once. The line for the brass pipes 
forms the lower limit the zone which all the plotted points lie. 
This another way stating that these pipes represent the extreme 
smoothness and ideal conditions. The equation this line, neg- 


lecting the third place decimals the exponent, 
0.296 


which feet per 000 ft., and dis feet. Placing this value 
the general expression, and using the average value 
there results 


which His feet per 000 ft., and ft. 
then, gives the loss head for extremely smooth pipes laid straight. 
But this not all. There occur maximum variations the value 
approximately each way from the line this equation. 
Hence, seen that this variation must taken into account. 
There also effect due the variation and this may become 
considerable for high velocities. not prominent factor 
the smooth brass pipes pipes used practice, but pointed 
out something borne mind. The writers might wish, 
many hydraulic engineers have wished, that there was less uncertainty 
designing pipe systems, but, since exists, its probable extent 
should made integral part any formula. Therefore, concerning 


This expression, 


smooth brass pipes, under nearly ideal conditions, necessary 


write, for the general expression, 
0.296 


d 1.25 


Looking this, and remembering the long months monotonous 
experimentation, the care taken have everything accurate, the 
temperature factor, which alone may cause variation large that 
given above, the writers feel that nevertheless represents 
advance; for while does not tend make hydraulic science any 
more exact, least helps make safer application. 

Modifying the above formula, there obtained the expression 

V= 104 go + 4%; 
or, using the hydraulic mean 
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these last expressions the hydraulic slope, feet per foot 
these expressions temperature effect has not been in- 
cluded. has been stated, the effect vary the loss head about 
for change 10° Fahr. Owing, however, the uncertainty 
regarding the effect the rougher pipes used practice, the writers 
feel that its insertion might misleading. 

Commercial now the kinds pipes used 
practice, the writers desire, first all, call attention again the 
indications their experiments galvanized-iron pipes. seen 
that, not only there variation the exponent, from 1.80 1:96, 
but that Pipe although having but two-thirds the internal 
sectional area Pipe nevertheless, has decidedly greater dis- 
charging capacity per unit sectional area, or, other words, offers 
less resistance the flow, for the same velocity. Nevertheless, the 
eye, all the pipes appear the same degree roughness. 
These two facts throw strong illumination the hitherto unac- 
countable variations the results standard experiments. 

Although Darcy’s experiments showed clearly the effect varia- 
tions roughness which were easily perceptible, and which could 
described recognized ordinary inspection, yet the 
hydraulic literature the past decade two bears out the statement 
that the extent the effects variations character surface 
which practically defy detection have not been appreciated. Other- 
wise, how can account for statements well-known engineers that 
certain formulas will give results within the truth? 

Turning again the general plotting Plate XLI, have 
consider the experiments which lie the zone, one the limits 
which the line already discussed. Attention should called 
the fact that some the series experiments not show much 
harmony the indications, and that, therefore, matter judg- 
ment just where draw the line the logarithmic plotting the 
losses head and velocities. Hence, the values and have the 
effects the personal equation. But the two values, taken together, 
represent, may be, the conditions the range the series 
under investigation. 

will seen that the variations the value the exponent, 
are greater than the variations found the writers for the galvanized 
pipes. Outside the heavily tuberculated and riveted pipes, this 
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from 1.74 2.00. The exponents given for the series 
Herschel Darcy represent fairly the point which has been 
made. The values and for the 30-in. pipe Williams, Hubbell 
and Fenkell have been furnished the writers Professor Williams. 
They are the result plotting the original data, their own 
merits. 

will seen that parallel the one already drawn will 
represent fairly the other limit the zone. The experiments which 
determine this line are those Darcy tuberculated, cast-iron pire, 
and some those Herschel and some Marx, Wing and Hoskins 
riveted-steel pipe. Noble’s 44-in. wood-stave pipe also comes close 


0.687 
this line. The equation for the general equa- 


1.67, from Herschel’s 36-in. pipe, lower than anything else the 
The writers consider that this value questionable, although 
what the series experiments Hence, the variation 
will considered from 1.82 1.99, and the general formula 
becomes 
A= 0.687 Vv} -82 to 1.99 

which feet per 000 ft., and feet. Converting this 
into the other form, there appears 

V= 54.7 to 38.9 to 0.50 q®-69 to 
Using the hydraulic radius, this becomes 
142 to 93 g2°55 to 0.50 0.69 to 0.63. 

The two sets equations thus far given, then, may regarded 
giving the two extremes, the first for very smooth pipes laid very 
straight, and the second for considerable degree tuberculation (or 
inner surface comparable it). 

But neither one these formulas represents the great majority 
cases which confront the hydraulic engineer. These latter areincluded 
the zone bounded the full line and the middle line Plate XLI. 


and the general expression becomes 


0.296 0.469 


Not described Transactions, Am. Soc. XLVII, pp. 113 and 
Mr. Herschel, himself, questions the reliability seven out eight experiments. 
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the second form, this gives 


This last series equations may said represent the range 
results which the best modern experimenters have obtained actual 
pipe lines service ready for service. The range values 
large, but the writers not desire narrow the analysis any more 
present. Their purpose will have been accomplished this paper 
serves bring out some the factors which have been neglected 
not fully appreciated the past. Above all, hoped that vigor- 
ous discussion, the true scientific spirit, may result, and that less 
personality and more the truth may appear than wont 
the case. 


The experiments, the data which are given this paper, were performed between 
February 24th, 1902, and February 25th, Nos. were performed 
after July 1902. Earlier preliminary experiments, during 1901, are noted the 
paper. 

The original notes and the data tabulated from them are file the Hydraulic 
Laboratory the College Civil Engineering Cornell University, where they are 
available for examination any time. 
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APPENDIX. 


THEORIES. 


The writers not venture, present, give any hypothesis 
showing why the exponent for smooth pipes should 1.75. They 
merely give experimental fact. 

There has been attempt, however, explain the matter say- 
ing that the resistance really composed two parts, one due the 
true friction the pipe wall, and depending the first power the 
velocity, and the other due the impacts the particles each 
other and depending the square the velocity. The theory states 
that the composition these two parts will equivalent one term 
with the power, 1.75. The formula which expresses this idea 
determined. Since this formula (or its many modifications) has 
been used extensively, and since expresses the idea put forth above, 
the writers have investigated it, see, this form any its 
modified forms, can made represent accurately series 
experimental results. 

order determine the values the coefficients and least 
two methods have been vogue. The first—the method least 
allowable only condition that the coefficients are proved 
constants, otherwise the formula derived and its limits error 
apply only those experiments which are used, and its application 
may limited. The second method—a graphical one—is for this 
reason more general, but most cases which has been applied 
has not been carried completion. consists obtaining first 
series equations and substituting the observed values 
H,and These equations may represented straight lines, and, 
and are constants, all these lines should pass through one point 
the which are the desired values. Ordinarily, however, 
said that the lines will not pass through point, but will enclose 
small area, and such case the the center gravity 
the area are the values and This method has been applied 
suitable scale was used, did the lines pass through point enclose 
area. every case the lines formed series tangents 
regular curve similar one branch hyperbola, and which the 
axes were apparently asymptotic. This showed clearly that xand 
instead being constants, were really functions Further in- 
vestigation also showed that and were always such. functions 
that the final result was that obtained direct logarithmic plotting. 
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For example, the logarithmic plotting leads this 
accurately the relation, can also proved mathematically 
that any attempt express the relation two terms will lead 
variable coefficients and finally result the same way shown 
above. 

number cases where this form has been used, negative values 
have resulted when and have been found least squares. These, 
surely, are not easily interpreted. 

The foregoing investigation shows that the explanation given for the 
presence the exponent, 1.75, and which expressed the Prony 
formula, those who hold this idea, question- 
able. also shows that all formulas which involve any way will 
also involve general coefficient depending The exception 
consists the fact that very few experiments pipes show 
exponent readily seen, thus account for the variables 

the forms yet advanced, the only one which will represent the condi- 
tions all accurately the one the writers have adopted, 
and determined for each series experiments. will 
seen, course, that the formula, merely modification 

The writers, for time, had the idea that the reason for the exponent 
being different from might lie not distinguishing between 
the square the mean velocity and the sum the squares the indi- 
vidual velocities throughout the cross-section the pipe. (They 
fully recognized, however, the fact that the idea flow parallel 
filaments merely theoretical convenience.) They therefore have 
investigated the question what power will give the same 


2 


result The supposition that the velocity curve ellipse, 


led results which indicated that their view was correct. The ex- 
decreased for lower velocities. For velocity ft. per second, many 
peculiarities the values the exponent were shown similar those 
which the present experiments show the critical-velocity transition 
stage. However, the best test theory experiment, and when 
series Pitot tube traverses was investigated, there was found the 


experimental fact that the relation, holds almost exactly 


every case. While proving that the proposed explanation was 
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this fact will doubtless value those who are: 


interested determining the true form the velocity curve. 

connection with the value, 1.75, obtained for the exponent 
brass pipes, will doubtless interest mention the fact that 
Hagen gives the following relation for obtaining the volume unit 
weight water any temperature: 

where the temperature, the temperature the greatest density, 
the volume unit weight the temperature and that the 
temperature The writers would not venture say that there 
any connection between this exponent, 1.743, and the exponent which 
they obtain for smooth pipes. The coincidence, however, 
ing. 
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INTRODUCTION. 


The writer recently had occasion look for satisfactory discus- 
sion the theory centrifugal pumps, and, not finding the subject 
introduced all most the books kindred subjects, under- 
took hunt some special literature bearing upon it, and was 
surprised find that, apparently, the subject centrifugal pumps 


had been overlooked neglected competent writers applied 
mechanics. 


That this true matter small surprise when the import- 
ance the subject and its attractiveness, theoretically, are considered. 
those who would say that follow out the conclusions recom- 
mended this paper would lead unjustifiable refinement 
machines applied rough and temporary use, the answer should be: 
Knowledge correct principles does not necessitate extravagant 
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refinement, but with can simplify and cheapen the machine 
such way make the least sacrifice efficiency; and, further, 
that there are apparent reasons why refinement proportions 
and workmanship will not yield results fully justifying the extra 
cost, thus placing the machine higher class and its use 
conditions now considered out its field. 

result this study there are proposed three classes pumps— 
Centrifugal, Impulse and Turbine. The necessity distinguishing 
purely impulsive action from centrifugal force will apparent 
anyone who follows the discussion, and who has fair knowledge 
mechanics. 

the mathematical equations and formulas introduced this 
study there attempt include factor term account for 
losses friction, impact, otherwise. Such losses will occur, 
course, but they are nature which does not permit mathemat- 
ical formulation. The writer thinks better present the underlying 
principles clearly, with the simplest and least possible mathematics, 
and then interpret the results experiment comparison with what 
ought occur under perfect conditions. With this view, the 
several causes loss are discussed, and suggestions offered for find- 
ing where the greater portion this loss occurs. (See page 490.) 

The writer has found some attempts mathematical analysis for 
determining the proportions pump that should give maximum 
efficiency, but thinks that such analyses are misuse mathematics, 
and are apt put the science disrepute. Whatever the design 
centrifugal pump (or impulse pump), the dynamic principle 
which acts that imparting energy water giving high 
velocity. Within the machine, the water must taken from state 
rest (practically), put motion and brought rest again, 
nearly so. The problem for the designer then, simply: put 
water motion and stop again with the least possible friction 
water metal and water water—simple statement, but not 
simple accomplishment. 

taking the writer had intention going beyond 
the mathematical analysis, but, was irresistibly led into attempts 
these designs the novel features introduced are: First, the introduction 
air instead water between the wheel and casing; second, the 
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support the wheel (in some designs) air pressure from below; 
third, the use flaring nozzles for checking the velocity the water 
leaves the propellers, whereby the energy the velocity can 
converted into pressure with the least possible loss; and, fourth, 
making the discharge adjustable. 

With pumps designed and tested according the conclusions 
this study, will possible determine satisfactory 
apply pumps specific class, working under specific conditions. 

The proposed modifications, construction, proportion, and 
operation, make machines different from anything yet tried that 
they must considered designs evolved from theoretic considera- 
tions without the light experience. Though all the theoretic 
results may not realized satisfactory degree, the writer believes 
the study will result improvements present practice. 


CENTRIFUGAL 

Symbols.—For convenience reference, the symbols used are col- 
lected here. The reader should not discouraged the formidable 
array; they not all come once, and the working formulas will 
found surprisingly simple. Most the symbols are also 
indicated the diagram, Fig. 


Radius outer limit vanes; 

Radius inner limit vanes; 

Radius any intermediate point—a variable; 

Velocity revolution outer limit vanes; 


Velocity escaping water, relative revolving wheel; 
Velocity entering water, relative revolving wheel; 


Absolute velocity escaping water; 

Absolute velocity water enters between vanes; 

Weight cubic unit (foot) the water (or other 
liquid) 

Width vanes outer limit width circumferential 
opening slot through which discharge occurs; 

Width vanes inner limits; 


Quantity (cubic feet) liquid passing (per second); 
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Angle between and 
Angle discharge, relative tangent wheel angle 
between and 
Angle between and 90°, unless guide vanes in- 
serted; 
Total effective lift; 
Initial entrance head, which usually suction, nega- 
tive head; 
Pressure head space between wheel and casing press- 
ure head water instant after escape from wheel. 

Purely Centrifugal this preliminary study the reader 
should disincumber his mind the more complicated conditions 
under which centrifugal pumps actually work. are now seeking 
the relations between velocities unaffected change pressure. 
Later, the suction and discharge pressures will introduced. 

Consider prism liquid, unit area and extending between the 
The centrifugal force elementary disk across this prism, thick- 
ness and distance from the axis revolution, 


where the velocity revolution the distance, from the 
center. Thus 


therefore 

and the total centrifugal force, which effective the outer end 
this prism, the integral between the limits, 


This the pressure unit area the circumference the wheel, 
and, evidently, independent the form cross-section the 
arm, Now, pressure divided weight gives head. Hence the 
pressure head against the walls the pump the circumference 


Hence 


[----------4 


THEORY CENTRIFUGAL PUMPS AND FANS. 


Papers. 


Ww 
(e ) on 
7 
(a) 
: 
@s/ 
H 7 


484 THEORY CENTRIFUGAL PUMPS AND 


Now, orifice opened the circumference, any direction 
whatever, and the pressure outside the same the entrance, 
the velocity the discharge, relative the revolving walls the 
pump, will 


head, 


but when there discharge there must initial velocity, 
the entrance, and this must considered the final head within the 
wheel. Thus, the total head will now 

and the velocity the discharge, relative the revolving parts, will 
have the relation 


Suppose, now, that radial frictionless tube, open both 

ends, and that particle starts from state, V,, relative the tube, 

and moves out, without change pressure, from radius in- 

obedience the law centrifugal force (or acceleration). Its radial 

acceleration, when distant from the center, is, well-known laws 
mechanics: 


Also, 
Therefore, 
2 
but, before, 


(sub indicating the conditions the distance, from the center.) 


Therefore, 


Integrating between the limits, Vand one side, and, and 
the other, get 


Combined Centrifugal and Impulsive Equation the 
reader will probably recognize the well-established relation veloci- 
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ties impulse water-wheels. demonstrated Church’s Notes 


Hydraulic and there shown apply either pumps 
motors long they act impulsively. has not been recog- 
nized, however, being applicable purely centrifugal effects acting 
statically, demonstrated page 482. 
The demonstrations Equation evidently apply any liquid, 
and any gas which the density may consistently assumed 
unchanged throughout the operations. (See page 520.) 
has now been made apparent that Equation will hold, whether 
not the section the channel between and constant, and 
without regard the direction the discharge; that is, the dis- 
charge may outward, inward, backward, forward, upward down- 
ward; that true whether the accumulation centrifugal effect 
appears pressure alone velocity alone, partly both; and 
that true for purely impulsive effects and for combined centrifu- 
gal and impulsive effects. The formula, therefore, much more 
general than has been supposed heretofore. 
Absolute Velocity now formula for comput- 
ing the velocity the escape water from opening the peri- 
meter relative the wheel, its absolute velocity can 
obtained from the triangle fixed and the included angle, 
Fig. 
Thus, evidently, general, 
where the angle between and the forward direction Note 
that when exceeds 90°, its cosine minus. particular, when 


90°, the vanes are radial the outer end and p,, then 

well, here, call attention the effect that the angle, has 
Notice that are constant all the several diagrams 
Fig. yet very different the several cases. Now, the reader 


will remember that the head varies with the square the velocity 
will see that the theoretically possible head, lift, Case (e) 
about six times great Case (d). (See also page 494.) 
Pressure Head Discharge and Entrance.—The foregoing formulas 
for and are derived the assumption that the water discharged 
into medium which the pressure the same that from which 


the water entered the wheel, as, for instance, atmospheric pressure 
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within the entrance and outside the wheel. This, evidently, 
condition under which centrifugal pumps work ordinarily. Usually, 
there inside the wheel, and, generally (erroneously) 
supposed, pressure nearly equivalent the remaining lift, oppos- 
ing the discharge. Some relations involving this phase the subject 
are follows. See Fig. 


Fia. 


Let pressure head entrance vanes, where velocity 
Then 


Let pressure head water immediately after escaping from 
wheel, where velocity that is, the joint, Fig. 
Then remember that whatever head, lift, the wheel gives 
the water, accomplished while passing out between the vanes. 
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Remember, also, that the total head the water immediately 
after escaping from the wheel (that the joint, must equal the 
remaining lift, 
Heads above the wheel are plus, those below are minus. 


Then, 
the law conservation energy, 

and 
If, Equation JV, zero, atmospheric pressure, then 


evidently correct. 

Note that cannot equal usually supposed, for then would 
zero, and there would discharge. 

Note that the signs Equations and are general, but that 
and may be, themselves, plus minus. Care must taken 
observe this, confusion will result. 

possible, practice, should equal for then there will 
tendency leak the joint, (See page 496.) 


bo 
+ 


Notice that the pressure, the joint, will extend throughout 
the spaces, the wheel and the casing. 

The question now turns this unknown quantity, That isa 
factor cannot ignore, evident, for affects the volume dis- 
charge, and renders useless the formulas thus far given, unless 
can determined and controlled. (See page 490.) 


The processes which Equation Jis reached are not applicable 
unless and has the same sign, but, fortunately, the method 
used page 482 can extended meet the present needs. 

When there are guide vanes (and this will the common con- 
dition), the absolute velocity approach, Will radial, 

Inserting this Equation get 

Hence the head, relative the wheel, within itself, the perimeter, 
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due centrifugal effects, independent pressures before entering, 

Now, the total head the entrance the pressure 


head there will 


and the total head within the wheel the 
perimeter 


Then, the pressure outside the velocity escape through 
orifice the perimeter any direction 


Note that and may either positive negative themselves 
and numerical calculations the proper sign must with them. 
For instance, they are both negative (the common condition), their 
signs will reversed Equations JV, and 

Equation have formula for (the relative velocity) that 
can used with confidence, provided know More this sub- 
ject will found pages 498 501. 

From Equations and can get 

or, 


note that usually stated the maximum theoretic lift, 


_regardless the angle, (see page 490). 

Independent Derivation Chief following independ- 
ent interesting, and will strengthen our confidence 
the conclusions otherwise reached. 

If, Fig. the vanes take the water from state absolute 
rest and discharge the perimeter, the whole work done the 
wheel can expressed terms the reaction the escaping water 
the wheel. This reaction, well-known laws hydro-mechanics, 


and the component opposed the motion cos. 


Then the work done the wheel overcoming this reaction 


Then, assuming the pressure opposing the discharge 
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the same before admission, the energy the water after 


escape 


Hence, 


or, 
This being true, glance the trigonometrical relations Fig. 


The assumption, that the water rest until caught the 
vanes, not correct when the water passing through. get 
equation meeting this condition have only remember that the 
static pressures inside and outside wheel, though different, cannot 
directly aid resist its revolution, and that, pumps, may 
assume the velocity approach, caused the pump, and, 
therefore, its effect the wheel not considered, being only 
preliminary incident final discharge. Hence, the work against 
the reaction the discharged water will always the total work 
done the wheel. Then, the law conservation energy, 
the following equation must hold: 


+pW=Wh...... (a) 
Hence, 
Now, insert the value cos. from the trigonometrical 


which identical with Equation page 488. 


substitute this and the value from Equation and get 


page 488. 

remarkable, and tothe writer quite unexpected, that Equations 
and VII show factor involving the radial depths the pro- 
pellers, that is, the relation between and r,; but careful considera- 


q 
2 
q 
4 
q ag 
5 
| 
| 
7 
§ 
8, 
Be 


490 THEORY CENTRIFUGAL PUMPS AND FANS. 


[Papers. 


tion all the conditions involved will make clear that such should 
the case. page 484 the formula, may written 


tion between and involved, and the analysis there given shows 
that must be; but, that case, there is, that point, assumed 
movement water through the pump. When water flows into the 
pump must caught the propellers, and the velocity sud- 
must work the water the act picking up; and this 
independent the static head (considered relatively the wheel) 
imparted between the limits Without adhering strictly 
correct use mechanical terms, perhaps, may say that with 
fixed and the head imparted the static effect centrifugal 
force decreases increases, while the work done impact (or 
reaction) taking the inflowing water increases with 7,; the sum 
the effects imparting energy the departing water being con- 
stant when only varies. 

Volume Discharge.—Referring Fig. seen that the radial 
assuming continuous opening slot, width, around the 
perimeter. 

Evidently, the entrance the vanes propellers must propor- 
tioned comply with 

sin. the radial component the velocity the water 

enters the vanes. This will usually assumed between 

and Unless guide vanes are inserted, Fig. and 
Fig. 15, the angle, will 90°, and Equation will become 

Present Practice, the Light the Preceding. —The foregoing discus- 
sion, with the resulting equations, will give light matters not here- 
tofore generally understood (judging from correspondence, the con- 
tents trade circulars, and the proportions pumps built). For 
instance, common statement that the theoretic lift depends only 
the velocity, the outer limit the propellers, and that the 


theoretic lift Equation shows this doubly error. 
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True, after wheel built, the only variable affecting the lift, but, 
the intelligent design pump, the angle, important factor. 

Some writers, whose opinions are apt accepted without ques- 
tion, state that when the propellers are curved backward, Fig. 
there is, addition purely centrifugal effects, outward 
impulse, given the water, escapes, the tips the pro- 
pellers. making this claim, they probably forget that the water 
revolving with the propellers before reaches the end. Evidently, 
when the water moving with the propeller impulsive action can 
occur between them. the outer few inches the came 
contact with still water, the effect claimed would occur, and the 
result would impulse pump. 

The writer can find theoretic reason for curving the propellers 
backward, but rather the reverse. (See page 485.) 

several published articles which the writer has examined, prom- 
inence given the test for the effect curvature the vanes, the 
test being made running the pump without discharge and measur- 
ing the resulting pressure head gauge stand-pipe, thus 
getting the relation between the peripheral speed and the head for 
differently curved vanes.* the light the discussion page 482, 
this scheme fallacious, for, the propellers, whatever form, 
revolve, friction will impart the motion the liquid that within 
the inner limits the vanes, and few moments all the liquid, 
from the center out, will revolving with the vanes. Then, shown 
previously, the pressure head the perimeter will 

since zero. The curve the vanes would have nothing 
with it. Where discharge occurs, the curvature affects the head, but 
not otherwise. That varying results were actually gotten, must have 
been due some circulation through the open joints, dand around 
the discharge and intake. 

Unfortunately, the above-mentioned experiments, misinter- 
preted, have apparently verified the very common supposition that 


the theoretic lift centrifugal pump There seems 


almost universal confusion and error concerning this, and universal 
neglect consider correctly the pressure the Correct 


Engineering News, August 9th, 1900; and Richards’ Centrifugal 27. 
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equations bearing these points—Equations been 
given, but, clear the confusion, let recall the fundamental 
principle hydraulics, that head equals velocity head plus 
pressure head,” and apply the water passing the joint, after 
has left the propellers. Then, using the notation elsewhere applied, 


the head the water passing and, neglecting friction, 
this must equal the remaining lift, or, 


always greater than except when discharge occurs. 
Evidently, then, cannot consistently assume that the lift above the 
pump and that the pressure head, the discharge that 
due the same lift, for that would assuming, the equation 
above, that (or more when less than 90°). 


Suppose the pump revolving without discharge, then the equa- 


tion becomes but, measuring the head stand-pipe 


2 
would find only. Still, the equation correct. The ex- 


planation that the velocity head, the water not trans- 
formed into pressure head. When discharge occurs the water 
passing out must lose its velocity, and, theoretically, should gain 
pressure correspondingly. This subject discussed further page 
501. 

value from Equation VII, have 
2 2 
Now, centrifugal pumps, usually constructed and operated, the 
absolute velocity, but little greater than the peripheral velocity, 
Hence, for the purpose illustration, will assume 


Then the above equation becomes: 
2 


show example what would ordinary pump, assume 


Then, Equation VII, 74, and therefore 64, and, the 
above equation, 25. 
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One cause which adds the confusion this matter that the 
efficiency such pumps not far from one-half, thus making the 
actual lift attained about one-half the theoretic lift, 


instead 


very important that the measured any test, 
for its aid can interpret results much more intelligently than 
has been done the past. For instance: The lift, above the pump 

water passes the joint, Thus may determine where the greatest 
loss 


should equal and the deficiency shows what lost after the 


much-discussed subject balancing centrifugal 
pumps should studied the light the preceding remarks.* 

The assumption that the pressure head under the propeller disk 
that due the lift above the wheel certainly wrong. The problem 
different every design, and, any design, the proportions affect 
the results. 

The following special case interesting: The wheel, Fig. 
revolves over the fixed plane, 

with peripheral velocity, 

The space, filled with 

water which revolves with 

and, virtue its centrifugal 

force, exerts pressure down- 

ward and upward What the force tending lift 
The upward pressure ring, radius, and radial width, 


The head, the distance, from the axis, 


where 


which half the pressure circle, radius due head 
2 
This uplift doubled some designs proposed later herein. 


Engineering News, Vol. 75. 
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Form and Depth Vanes.—According the mathematical analysis 


page 487, the ratio, does not affect the head under which the pump 


can work. Notwithstanding that, the ratio should selected with 
care, order that the pump may otherwise proportioned conven- 
iently and efficiently. the light the preceding, there are 
grounds for making the outer radius, two three times the inner 
radius, 7,, seems the common practice. 

Some builders state that every particle water should pass around 
with the wheel least once, and most them accept that idea (judg- 
ing the proportions their pumps). probably due tosome 
notion that full centrifugal effect not produced until the particle 
has made one revolution around the axis. The seriousness this 
error pumps, heretofore designed, lies the fact that, propor- 
tioning them accordingly, the area the surface over which the water 
moves high velocity made much greater than necessary. While 
there are lacking experimental data the friction water passing 
over smooth surfaces such velocities occur pumps, such facts 
are known point very serious loss due this cause. 

the writer’s opinion that the less the radial depth the pro- 
pellers the better; provided that every particle water brought 
one condition, pressure and velocity, before escaping from the 
wheel; and that the inner tips the propellers (vanes) set part 
the approaching water without shock. may noted here that 
the vanes made short becomes impracticable make much 
less than 90°, except the special design shown Fig. 11. 

evident that the inner terminus the vane immaterial, theo- 
retically, provided has the proper forward inclination, specified 
above. The simplest construction that shown Fig. 11, where the 
vanes are sheared off their inner limits parallel the axis and 
reaching only the periphery the circular inlet. they extend 
the center, Fig. the forward inclination the edges should 
vary from nothing the center the maximum the outer limit 
the inlet. 

Influence Discharge Passages.—Thus far, this study has been 
confined the means propulsion and its effects the fluid. The 
influence the passage which conducts the liquid from the perimeter 
the propelling wheel the final straight discharge pipe will now 
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studied. Here, conclusions even more interesting than what has 
preceded will found. 

can probably best lead to, and understand, this part the 
subject following out the action pump such proportions 
are known common. Then modifications can suggested. 

The following data are taken from published test pump 
made one the best manufacturers (unimportant fractions being 


-omitted) (see Figs. and 5): 


SECTION C-D FIG. 


Fie. 


ins.; 

ft. per second; 

cu. ft. per second; 

The width the propellers not given, but will assumed 
which will make the area the circular inlet just the 
area the inlet between the propellers, that is, the water has con- 
stant velocity 8.6 ft. per second enters the wheel and passes 
between the propellers. 

The angle, between and not given, but should 
order that the water may glide without shock break 


3 Liss 
(b) 
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(see Fig. 7). such wheels common make the propellers 
constant width. Assuming this so, the outlet area will three 
times great the inlet, and the radial component the discharge 
velocity, therefore, will one-third 8.6, nearly 2.9. Whence, 
from Fig. evidently 
2.9 
6.8. 

H=90. the recorded total lift was ft., this would show 
efficiency per cent. This does not agree with the report. How- 
ever, some the been assumed, and glance 
Fig. will show the triangle involving and form unfavor- 
able accuracy. 

This makes 28. 

The reader must bear mind that these are the theoretically per- 
fect results. know, from the results tests, that large part 
the energy lost somewhere. 

Causes Loss Energy.—Now, let discover the chief causes 
loss energy. When understood, may then find means avoid- 
ing, or, least, reducing them. 


inner tips the vanes should point opposite the 


relative motion the incoming water, tan. where 


guide vanes are inserted (and this will, doubtless, the common 
practice), Fig. (a). fulfill this condition, evident that the 
discharge must vary directly with the velocity revolution. Hair- 
splitting precision this matter not essential nor practicable, buta 
gross neglect will result shock the point the vane and eddies 
just behind it. extreme cases neglect this point vacuum 
may occur about (c), Fig. especially where the suction, large, 
Fig. 

the example above, note that the radial velocity 
the entrance between the vanes 8.6 and the discharge 2.9, the 
average being 5.7, while the outer tip the vane has velocity 
57.0. Under these conditions, the wheel makes little more than one 
revolution while particle water passes from the inner the outer 
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limit the vanes. During this time the water slips against the fixed 
sides the casing, distance more than ft., with (relative) 
velocity varying between and ft. per second. This true whether 
the propellers the open type, Fig. (a), the inclosed type, 
Fig. for, the latter, the water surrounding the runner must 
either slip, relative the runner, relative the fixed casing, 
both. This probably one the chief causes loss. 

the example taken found Now, knew all 
the dimensions could compute the mean velocity the volute, 
Fig. should not, and does not practice, exceed ft. 

Then would have, along the surface, one body 
water moving against another with relative velocity ft. 
more. wheel the hollow-arm type, that is, part the 
wheel solid, Fig. the last two causes will even more 
serious. Here must another important cause loss. some- 
times called the the tip the propellers. See Fig. (a). 

When the section flowing stream suddenly en- 

have thus followed the water through the wheel, have noted 
the causes loss work, and have, some extent, indicated the de- 
gree importance each. They are not nature that can 
analyzed mathematically, but are none the less real. should 
mentioned, perhaps, that these losses depend the construction (or 
design) the wheel, its speed, discharge, etc. 

The remedies for losses (a) and are apparent. That under (c) 
can reduced decreasing the radial length the vanes and 
curving the vanes forward, thereby reducing the necessary speed. 
See page 490. 

Losses and (c) can avoided means now described. 

.The radical departure here proposed, the construction centri- 
fugal pumps, depends chiefly two principles, both well known, but 
neither, the knowledge, having been applied this connec- 

The discharge from the vessel, Fig. will enter long 
the drop, equal the losses friction, and the velocity 
this discharge dependent onthe head Thus, without increasing 
the area the orifice, the effective head, can increase the 


Brit., Vol. 12, Art. 32, 469. 
+Cyclop. Brit., Vol. 12, Art. 28, 467, Fig. 36, reproduced here Fig. 
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discharge indefinitely increasing Now, suppose the vessel, 
continuous around and that both orifices are continuous an- 
nular slots, Under this condition, the vessel, can 
revolved about its vertical axis without interfering with the discharge 
its reception This hints the application the principle 
increase the flow from pumps. But difficulty yet 
stands the way: the head due centrifugal effect, and that 
the resulting lift, there will closely limited relations between 
the rate revolution, lift, which, changed, will result either 
water not entering (when the speed too low), air entering 
with the water (when the speed too high). control this better, 
and for other reasons, apparent later, will apply the second princi- 
ple, which that the Spren- 
gel Pump, aspirator. See 
Fig. 10. The outwardly-flaring 
nozzle placed the vessel, 
will cause suction its least 
section when the energy the 
discharge from greater than 
necessary lift the water 
against the required head. 10. 

This suction will tend exhaust the air from the space, sur- 
rounding the wheel, the exhaustion increases (or the pressure 
head, drops) the discharge will increase until state equilibrium 
reached. Then the wheel will turn partial vacuum instead 
water, there being leakage air inward nor water outward, 
though clear joint left between the wheel and the receiving noz- 
The high velocity discharge will give absolute direction 
discharge little less than 45° outward from tangent when 
degrees. The flaring receiving nozzle, will reduce this velocity 
gradually without serious loss energy. Notice that all 
ing” water impellers, and all rapidly moving water 
against that which comparatively still, are eliminated. 

Here, then, have means avoiding entirely the losses (c), (d), 
and (e) page 498. their place will occur whatever loss unavoid- 
able the The writer knows, from tests made himself, 
that this.can reduced per cent. See page 518. such 
wheel the area the passage through the wheel should large 
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convenient, reduce velocity, and thereby friction loss, inside the 
wheel, and give all particles time come one condition press- 
ure and velocity. The contraction for the outlet should 
curve periphery. Note that the only sliding friction the 
water against the wheel occurs the radial movement the water 
relative the wheel. matters not how many times the water goes 
around within the wheel. 

The suction minus head, the space, probably cannot 
specified until some further experimenting done. (In some experi- 
ments the writer with straight nozzles was nearly ins. mer- 
cury.) 

Fig. presents the writer’s idea construction well suited 
secure the conditions desired, pointed out the preceding para- 
graphs. 

The design shown Fig. has the further advantage that the re- 
action the discharge can support the weight the wheel partly 
entirely. has also the advantage compactness, and the discharg- 
ing and receiving nozzles can more easily kept opposite. 

page 491 shown that when pump 


revolving without discharging, the greatest pressure head can 


produce While, Equation the lift, when operation, 


Now, since the writer 
that cos. always positive, zero, evident that wheel cannot 
start discharge when under back pressure, from the maximum lift 
under which can work after being started. This difficulty over- 


come readily putting check-valve the discharge, and between 
that and the pump valved 
branch through which the dis- 


charge can made temporarily 
under low head. Then, when 


the pump gets its normal speed 
and discharge, the starting 
valve, Fig. 12, can closed 
gradually, and the fiow will 
directed into the main pipe. 

case the greater part the total lift, suction, that is, 
when negative and nearly equal numerically, the branch 
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pipe carrying the valve, should descend into the sump, source 
from which the water taken. That this necessary will appear 

and 

From these get 

Now, negative and greater than half and pis zero any 
positive quantity, the second member becomes negative, inde- 
terminate. Evidently, when negative and nearly equal 
must also negative and greater than The arrangement 
specified above will insure these conditions starting. After 
starting, can controlled through the cock, Fig. 11. 

Fig. starts from within the inner limits the 
vanes and extends out tothe discharge. The necessity and duty 
these tubes will apparent from the following: 

vessel containing water and air revolves rapidly, centrifugal 
force will separate the two (independently gravity), the lighter 
being forced collect about the axis revolution. This will occur 
should air any means get into any the centrifugal pumps pro- 
portioned Fig. (where the outlet very much contracted 
compared with the area the passage through the wheel). Theabove 
will not hold, however, tube constant cross-section leading 
away from the axis revolution and open outer end, the 
tube, the contrary, there will be, such tube, suction 
throughout its length due the accelerated outward velocity what- 
ever water air may the tube. This suction, being greatest 
the inner end the tube, will take out all bubbles that would other- 
wise collect about the center the wheel and interfere with the 
action. 

close analogy the above principle may found the suction 
caused water flowing down open vertical tube. 

If, practice, the suction, the space, found greater than 
the same purpose could accomplished the 
top the wheel, Fig. 11. 

Method Proportioning.—The formulas necessary designing 
are: 
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2 q 


These must applied intelligently order work out the dimen- 
sions the principal parts fixed conditions will 
usually and can assumed with practical accuracy after 
For reasons heretofore given (pages 488 and 496), 

ought be, and probably will be, nearly equal tok. Then, until 
experiments give more reliable information, may assume 
For reasons simplicity and economy construction, probable 
that the outer tip the propelling vanes will made radial, that is, 
=90 degrees. For the same reason, probable that the guide 
vanes the entrance will omitted, that is, degrees. 


With these simplifications the several formulas become: 


The working out proper proportions will now seem simple, but 
difficulty will found, that will many cases embarrass- 
ingly small. This fact alone will prevent the application such 
pumps where the lift great and the quantity small. (Modifications 
overcome this difficulty are described page 
The most rational order proceeding will assume velocity 
through the intake channel, v,, and also the velocity 
the vane, These may both taken safely ft. per second. 
soon the velocity through the intake fixed, becomes known, 
from the condition, velocity for single intake; 
Equation Next, assume between 0.50 and 0.75. This will 
Equation and from Equation 
Before leaving the subject centrifugal pumps, attention should 
called the advantage making both the discharging and 
ing nozzles detachable. Then, with sizes wheels 
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and casings, nozzles can attached, meet any ordinary require- 
ments, thus reducing the cost manufacture; further desirable, 


account the liability the nozzle wear, especially the water 
all gritty. 


Pumps. 


The name ‘‘impulse given the writer that class 
rotary pumps which the energy imparted the water im- 
pulsive action. They must placed class themselves, for, 
though resembling centrifugal pumps some points construc- 
tion and their mathematical formulas, they are quite different 
principle, and present another set problems for solution. some- 
times said that such pumps are the reverse the impulse water-wheel. 
That true, principle, but impulse water-wheel turned back- 
ward would not make pump. 

show that the action independent centrifugal force, sup- 
pose the vanes, Figs. and 14, move forward straight 
line. Then there could centrifugal force, and yet the water 
would caught and thrown out the upper edge with velocity, 
Shown the figures. 

practice, the vanes must placed the periphery wheel, 
Fig. 15, and, the discharge outward, apt mistaken for 
pump. fact, that case, there will unavoidably 
some centrifugal effect; but, proportioned get the best results 
from impulsive effect, the centrifugal effect will relatively small. 
the vanes are set move the water parallel the axis, Fig. 
16, there can centrifugal effects. The vanes may even set 
throw the water inward toward the axis. 

Careful attention should given the following distinctive con- 
ditions purely impulse pumps, viz.: There should change 
pressure the fluid passes out between the vanes, the energy 
imparted the fluid appearing increase velocity alone. That 
this true will appear inspection Fig. where the vane 
only partly filled, the water being under atmospheric pressure 
throughout; yet much energy will imparted the water Case 
when the space between the vanes filled. condi- 
tion requires that the area the passage between the vanes pro- 
portioned carefully throughout. This not necessary centrifugal 
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pumps. may said here that purely centrifugal pumps are not 
likely attempted practice. (See page 510.) 

Formulas Relating Pumps.—Consider first the general 
case outward-flow pump with guide vane, Fig. Then, 
using the symbols heretofore applied centrifugal pumps, have 
the entrance 


Equation applies this case. Hence 


SSS: 


Zz 


Uv, 


SECTION A-B 
FIG. 16. 


Fic. 


PARALLEL-FLOW IMPULSE PUMP, 


and the discharge have, centrifugal pumps, 
These formulas are general, from theoretic point view. They 
show that get the greatest lift, with fixed the angles, 


should small possible; but, from more practical 
point view, there are sharp limitations this. Notice that the 
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length the vanes not involved the foregoing formulas. Re- 
member, also, that reduce friction losses, the surface over which the 
water passes high velocity should the least possible, consistent 
with other requirements. For this reason will probably found 
best make the vanes short, even the sacrifice some the 
curvature. Furthermore, the construction will simplified and 
cheapened omitting the guide vanes, Then becomes de- 
grees. For similar reasons, will usually degrees. Under 
these conditions, substituting from Equations since cos. 
and cos. are both zero, Equation becomes 


The same reasoning and the same formulas will apply where the 
flow parallel the axis, Fig. 16. this case, and 
therefore This also evident inspection. 


the law hydraulics, that velocity head plus pressure head 
total head: 


Notice that reaches the entrance vanes, for there change 
pressure; and, since the head, must imparted the water 
while passes between the vanes, have, the law conserva- 
tion energy, neglecting the velocity the discharge main, 


then, taking the equivalent from Equation 


this case can never equal for, did, would zero, 
and work would done. 

Remember that when and represent suction they are them- 
selves minus, independently the signs the equation. 

Equation which general, substitute the special 
value from Equation get 


Notice that Equations should not applied except 
under the conditions specified deriving Equation These con- 
ditions, however, will common ones practice. 

Suction Head Air-Chamber.—On page 504 stated that the 
pressure should not change while the water passing out between 
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the vanes. The pressure which actually exists that fixed the 
suction the throat, (The remarks page 498 apply this case 
well centrifugal this case the pressure, reaches 


being assumed fixed. Theoretically, (neglecting fric- 


tion and velocity the discharge pipe). If, this case, substitute 
the value from Equation and then the value from 
Equation get 

Equations and are found inconsistent, the former 
should have precedence. Notice that does not affect the lift, 
but does affect the discharge its influence 

appears, then, that until have some experimental data con- 
cerning the discharge such pumps cannot predicted accu- 
rately., Equations and apply also impulse pumps. 

Areas Passage Between Vanes.—Theoretically, would get the 
same impulsive effect the space between the vanes were only partly 
filled, Fig. but, avoid all possibility spraying, shocks, 
sudden change velocity, necessary that the water occupy the 
whole volume the interior the wheel, and issue therefrom one 
unbroken sheet uniform velocity around the circumference. 
order that this condition satisfied, and also that there change 
pressure the passage, necessary that the areas propor- 
tioned carefully. Using the same symbols, and assuming that there 
are guide vanes the entrance, Fig. (b), have, since sin. 
the radial component the velocity the entrance, 

sin. 
Similarly, the exit have for the radial com- 
Hence, 
Whence get 

Evidently, these, assume that the vanes begin and end 
knife-edge. any intermediate section the passage the thickness 
the vanes must considered. The relative velocity any inter- 
mediate section can found Equation viz., 
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and the radial component always 
and 

The subscript, indicates the intermediate section; number 
vanes the pump, and thickness the vane the point, 
This refinement need never applied practice. 

There apparent mechanical principle, practical difficulty, 
that would prevent the combination and impulsive 
effects. that case the areas the passageway need not propor- 
tioned carefully; but, the other hand, since the pressures the 
entrance and the discharge the vanes would longer necessarily 
equal, the wheel, disk, web, should made solid, and air 
admitted the opposite sides separate tubes, and Fig. 
16; otherwise the web the wheel can perforated Fig. 
18, and the pipe, ¢,, omitted. 

Proportioning.—For convenience, the necessary general formulas 
for designing impulse pumps are here reprinted: 


parallel-flow pumps, must taken the radius the 
center line the inlet, and that the center line the outlet 
the vanes, and and are the widths the vanes, radially, the 
inlet and outlet, respectively. See Fig. 16. 

When and are both degrees: 


The order proceeding, get the chief dimensions out- 
ward-flow impulse pump, would about follows: and being 
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given, will determined considerations convenience. The 
diameter the entrance the wheel will fixed the permissible 
velocity the entrance, which may ft. less; say Then 
both sides. Thence, Then the equations for the outward- 
flow pump should bea little greater than order provide 
short curved approach the vanes. 

Next, must decide This depends which matter 
some uncertainty until some experimental data are collected. See 
page 508. For the present discussion will assumed deter- 
mined. Then obtained from Equations 

The outer radius, may fixed considerations convenience 
construction, and whatever light experience throws the subject. 
Undoubtedly, the vanes should short possible, consistent 
with other necessary conditions. When vane thus fixed 
the next step should find corresponding value that will 
give the necessary head. Unfortunately, the direct determination 
difficult problem. For computation would easier 
assume values and compute until, trial, sufficiently 
close value wis found. much work this kind has done, 
tables should prepared showing the relations between and for 
such values and may put common use. 

When determined, can obtained from and 
and then can found from Equation 

Should determined make the pump without guides, and 
make 90°, then special Equations XJ, and 
enable proceed directly. 

The fixed vanes, are stop the revolution the water and 
direct along the discharge pipe. Three such vanes should suffice. 


The reaction, parallel the axis, due the discharge 


water from the wheel, will be, from the well-known laws reaction: 

— or ——— 

the method which Equation obtained for impulse pumps 
and motors, the analysis follows single particle. This, course, 
not the actual condition, and the writer suspects that, impulse 
pumps, and water-motors especially, the difference between the actual 
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aud assumed conditions leads serious errors. 
the vane, Fig. 20, move with the 

velocity, our analysis assumes only one 
thin lamina particles following the sur- 
face the vane, but, practice, there 
would considerable depth normal 


the vane, and each lamina deflected 


explain: Suppose 


pressure (or reaction) from the next one 20. 
beneath. Thus the lamina against the vane must under greater 
pressure than the outer one, and where the water reaches the discharge 
line, that will escape with greater velocity than that 

appears that the above circumstance will make our formulas for 
impulse pumps unreliable, and must also reduce seri- 
ously, for there must considerable loss friction when the 
water move with high and low velocities side side. 

The best remedy the writer can suggest increase the number 
vanes, divide the water into thin until the advantage 
thus gained lost increase surface friction. 


Further discussion 
this point will found page 517. 


The foregoing discussion will not apply centrifugal pumps, 
properly called, for there the area passage should large 
that, thus reducing the 


velocity, all the liquid 
brought one condition 
pressure and velocity be- 
fore escaping. See page 494. 

Fig. shows diagrammat- 
ically what Mr. Richards 
impulse pump. The 
any advantage justifying its 
existence, but rather the con- 
trary. con- 
dition this design that 
the flow between the propel- 
lers not continuous. 
glance the figure will show 
that the discharge, during the 
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instant which any two propellers occupy the positions, and 
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bf, limited the channel, and the velocity through must 
high. The next instant, when passes the outward motion 
the water must stopped, and, the same time, that 
given the outward motion. is, indeed, thing 
impulses. Surely such conditions are not favorable smooth working 
and high efficiency. 

Empirical Coefficients.—In ali that has preceded, perfect efficiencies 
have been assumed, order present the underlying principle 
clearly. Every reader knows that results computed the various 
formulas cannot realized full. Experience alone can supply the 
coefficients necessary make them sufficiently correct for practice. 
Until some experiments are available the following may give some 
light this matter: 

After wheel built, the lift depends only the peripheral 
velocity, computing for head greater than that specified, 
allowance can made for imperfect efficiency. For instance, the 


efficiency lift known 75%, and wis computed for 
will get the head required. 

the matter discharge, known that the coefficient dis- 
charge from well-rounded nozzles very nearly unity. Hence, 
probable that the equation for fixing the dimensions the passage 
will give results which are nearly correct when the approaches are 
rounded properly. 

Practical Limitations.—A little inspection the equations, and the 
solution few numerical examples, will reveal the unfortunate fact 
that these pumps, either centrifugal impulse, which the pressure 
the air-chamber below that the atmosphere, are not applicable 
when the quantity water pumped small, while the head 
high; the reason being that the width the peripheral discharge slot 
becomes impracticably small. Just where this limit will drawn 
practice the writer will not undertake say. See page 514. 

Example.—Proportion pump lift cu. ft. per second through 
ft. 

Let the entering velocity the wheel, ft., and the vanes, 
ft.; then the area the circular entrance must 1.33 sq. ft., 
the diameter nearly ins. 

Now, make will give for curving the 
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nearly 5ins. vanes are put they will nearly ins. apart 


the entrance. they are ins. deep, radially, becomes 
ins. 


Equation (assuming p), V=18, nearly, and from Equation 
=0.2 ft., nearly ins. 

Evidently, then, such pump would pass any solid which the 
greatest dimension does not exceed may worth while 
notice that, should any solid, too large pass, get into the pump, 
will cause break nor even grinding any surface, but will 
merely lodge the wheel and turn with it. 

stated, page 503, that proportioning pumps work 
there assumed, the width, the annular discharge slot would some- 
times found impracticably small; and, for that reason alone, the 
scheme could not applied cases where the quantity required 
small and the lift great, compared with conditions under which 
centrifugal pumps usually work. This difficulty can overcome 
devices now described. 

The chief purpose now view surround the propelling wheel 


with air pressure above that the atmosphere, that the neces- 
sary conditions, 
29 +p = h, 
less than Or, other words, that 
the velocity discharge, reduced and the discharge area, 
For accomplishing this purpose, Fig. shows scheme which has 
some additional points advantage. this, the air the 


not taken directly from the atmosphere, the previous prop- 


may fulfilled when 


Fig. 11. first taken into the intake suction pipe, 


through cock the water naturally gaseous, may closed 
omitted). The air then passes through the pump entangled 
bubbles, and drawn out the discharge pipe wherever most con- 
venient, and permitted enter the chamber, through the pipe, 
the rate passage being controlled cock, 

That the above described action can obtained will apparent 
from the following: 


The pressure the air the discharge pipe will that due the 


about ft. per second, about 2.6 revolutions per second. 
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remaining lift, while that the chamber, must the same 
the pressure the water passes the open joint, Now, 
well-known laws hydraulics, the pressure the joint, where the 
that the discharge pipe where the velocity low (the slight difference 
elevation being neglected). Hence there will tendency for the 
fluid flow through the pipe, and the cock, The pipe, 
course, should tap the discharge pipe point where the air tends 
collect. very small stream air entering will suffice, for all 


that necessary replace the leakage air through the stuffing- 
box. The circulation can controlled adjusting the cocks, and 


Any surplus air will pass off through the discharge pipe. The 
water gauge, will show whether not the chamber, free 
water. The pressure gauge, not essential, but should always 
attached, gives valuable information. 

The advantage this scheme, announced the outset, that 
the width, Fig. 22, not restricted; but, where high effi- 
ciency the object, the fixed deflecting vanes, (Fig. 24), should 
inserted turn the water downward, thus revolution and 
checking its velocity accordingly, soon leaves the propeller 
(more fully explained later). This will prevent what might serious 
loss due fluid friction. 

this design the propeller extend the center 
(though this not essential). this means, believed, the 
water will taken with less shock, and can brought state 
steady rotation before discharge, with more certainty and with 
fewer propelling vanes. With this intention, the designer should see 
that the vane everywhere parts the approaching water without conflict. 
meet this condition the vanes should vertical the center and 
have gradually increasing forward pitch the lower edge the 
distance from the center increases. 

Notice that there tendency for the water flow back through 
the joint, for the water already under centrifugal force, 
and hence there much tendency for the water flow out through 

The design, Fig. 22, the writer’s study, combine, the highest 
degree, compactness, simplicity castings, and efficiency. Some 
other designs embodying the chief features are shown Figs. 
and 32. 
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ing vanes, omitted, the propelling vanes, made few 
and strong, and the receiving chamber, made volute,” that 
is, the area should increase progressively the direction 
revolution, and the water should move the direction revolu- 
tion only. Thus modified, there apparent reason why should 
not give excellent results dredge pump. Note that grit cannot 
get the bearings, and that the area discharge unrestricted. 

Concerning the pressure, the chamber, the following may 
interesting: 


necessary relation +p=h. 


Doubtless, such pumps will usually made with the outer tips 
the propelling vanes perpendicular the direction motion 


Now, the object this design make small, and should 


less than ft. this assumption, will less than one. Hence, 


for the present purpose, may neglected. Remember, also, that 


=H. (See pages 487 Substituting this, the relation be- 


Theoretically, the equations derived heretofore will apply this 
design; but, practically, they are little value (except the relation, 
H), for this case convenient value for ft. per 
second) can assumed, and the parts proportioned consistently. 

That the assumed may realized, the actual effective lift must 
something less than the maximum theoretic lift, reduced 
whatever friction losses occur beyond the open joint, This 
matter that cannot formulated. Experience alone can give light 
upon it. 


Relation Vanes Each Other.—In the preceding discussions 
has been pointed out repeatedly that the edges the vanes should 
set that the passing water will parted without shock eddies,” 
that is, they should the plane relative motion. have now 
consider the best relation one vane the next. 
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has also been pointed out that the common forms centrifugal 
pumps lose, the tips the propellers, the 
energy due velocity (‘‘ kinetic energy), and that this just half 
the energy the water. well give some study 
meaus better utilizing this kinetic energy. 

The writer proposes that the vanes should related form 
flaring nozzles, the best possible form consistent with other essen- 
tial conditions construction, and this should done both the start- 
ing intake vanes and the fixed deflecting vanes the discharge. 

support this opinion, attention may called the fact, well 
established experimental hydraulics, that the efficiency prop- 
erly proportioned discharge nozzle (water flowing toward the contrac- 
tion) about and, while recorded experiments receiving 
nozzles (water flowing away from contraction) are not numerous 
varied, rational presume that the action can reversed, 
correctly designed nozzles, without serious loss. 

Figs. and show vanes designed act receiving nozzles 
the pump shown Fig. 22. Note that the inclination the 
vanes the side from which the water approaches such that the 
motion the water not affected until enters the For 
instance, Fig. 23, which shows the conditions the entrance, the 
water has only low vertical velocity, which continues undisturbed 
rises under the helicoidal surface the vane until struck and 
taken the orifice, then, being the revolving nozzle, that is, 
between the vanes, must take the revolving motion quickly. Here, 
the nozzle moves against nearly still water, while, the discharge, 
Fig. 24, the water moves against fixed nozzles. The relative action 
similar the two cases. 


this subject, the writer was somewhat discouraged and puzzled that portion 
the Lowell Hydraulic Experiments relating discharge through flaring ajutage 
(nozzle), pointed out that fifteen-sixteenths the energy discharging 
water was lost the tube, but there 
nothing irrational discouraging 
about when are reminded that 
the absolute loss due friction 
independent pressure. Hence 
there had been 100 ft. head the 
nozzle, instead ft., with the 
same velocity, the percentage loss 
would have been small. satisfy 
himself this question, the writer 
prepared the apparatus shown Fig. 
and tested the efficiency the com- 25. 
bination under various conditions. 

The records two typical cases are follows: 

the first the velocity the throat was approximately 102, and.in the second, 106 
ft. per second. for less extreme cases, higher efficiencies can obtained. 
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this design the discharge will vary with the velocity (rate 
revolution); then, knowing the peripheral velocity necessary give 
the lift, the inclination the vanes must computed accordingly. 

Example.—Proportion pump, the type shown Fig. 22, with 
14-in. intake, lift cu. ft. water per second against head 
ft. 

First, find the peripheral velocity, efficiency 75% 
assumed, the pump must designed for speed which would give 


2 


per second (nearly), and this may taken the velocity the center 
line the discharge zone. Assume the diameter this center line 
ins. Then the revolutions per second will 7.16. The 
velocity the outer limits the intake vanes, (where the 
radius ins.), will (nearly), and, the vertical veloc- 
ity approach being ft., the inclination the vane this point 
more nearly vertical the center approached, being vertical the 
center. 

Assuming the width the discharge zone ins., then the 
area sq. ft. (nearly), and, therefore, the vertical component the 
velocity discharge (or the velocity, relative the revolving wheel) 
will again ft. (nearly). Hence, the fixed vanes discharge must 

Some convenient formulas for proportioning pumps the class 
shown Fig. are follows: 

Let slope, tangent, the inclination fixed deflecting 

vanes, 

=radial width same width discharge zone; 

velocity discharge relative the revolving wheel 
vertical component absolute velocity discharge; 

Then V=uS,and 

Similarly, let S,, represent the slope, radius and rotative 
velocity, respectively, the intake vanes the outer limit; and let 
represent the area, and the velocity, the intake. 
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Equating the two values get 

Another equation easily proved is: 

such pump, run varying speeds, the discharge will vary 
directly with the speed, the lift with the square, and the work with the 
cube, the speed. then, such pump cannot adapted 
varying conditions. This has probably been the greatest handicap 
more general use centrifugal pumps; therefore, exceed- 
ingly desirable, connection with other improvements, make 
pumps the best class adjustable. 

Figs. 26, 27, and show the design for adjustable 
centrifugal pump. The discharge dependent the area the 
orifices, and this controlled swinging the vanes, about the 
hinges, thus affecting the opening, ee. From ring, 
Figs. and 28, the pins, protrude through slots, 
which are cut through the shell, the circumference circle con- 
centric with the wheel. These pins, engage the vanes, entering 
the straight slots, cutin the vanes. When revolved, the pins, 
follow the slots, and must swing out accordingly. 
revolved through the necessary angle the mechanism shown 
Figs. and 28, which may duplicated the opposite side. Fig. 
shows the vanes, place, with the upper plate removed. Fig. 
shows the adjusting ring, lying place. The the 
vanes, designed maintain unchanged both the radial and re- 
volving motion the water; but, after passes into the flaring 
nozzle, the velocity checked, and the pressure increased ac- 
cordingly. 

The advantage the down-and-out flow the opportunity 
gives support the weight the wheel, shaft, etc., high-pressure 
air from beneath, that is, the chamber, this case, where air 
occupies the space, below the wheel, the pressure uniform, not 
being affected the centrifugal force the water revolving under 


the wheel, assumed page 496; hence, this case, the uplift 


; 
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feet. This double the uplift obtained when water revolving 
under the wheel—a point well worth notice designing either pumps 
water-wheels operate vertical shafts. Air can conducted 
into this chamber the means described page 514, in- 
spirator, shown Fig. 27. The water for operating thainspirator 
can drawn from any point the discharge pipe. Note that the 


pressure that the open joint, the tips the vanes, 
where the velocity highest, and, the pressure will 
less than (one-half, theoretically). 

Fig. shows the outlines adjustable, double-intake pump 
horizontal shaft; the adjustment made substantially 
the preceding. Such design has very manifest advantages for per- 
manent plant handle large quantities water from nearly per- 
manent and easily accessible level. 
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_It noteworthy that the designs discussed pages 520 521 
have every element first-class water-wheel (turbine), 
and, operated such, will probably give good results. 


CoMPOUNDING. 


The principle involved compounding centrifugal pumpsis simple 
enough. consists taking the water delivered from one pump 
and passing through another, thus getting the effect each pump 
independently. But, when the designer takes the problem, finds 
infinite variety possible combinations, from which must select 
that one which most advantageous, everything considered, and 
must consider, chiefly, compactness, simplicity castings and effi- 
ciency operation. 

After studying the subject the light all that precedes this 
paper, the writer offers the design for compounding pump shown 
Figs. and 32. 

Having explained all other new features this design have now 
only explain the features involved compounding. 

The construction and operation, out the lower edge the fixed 
vanes, identical with that single pump, Fig. 
22. Atthis point the water flowing vertically and has low velocity 
(all the motion revolution having been checked the vanes, g), 
and its pressure that due whatever head the single pump could 
produce. The water now comes the path second set pro- 
pelling vanes, W,, which are attached the same revolving piece 
that carried the first set, shown plainly Fig. 30. This 
second set vanes must set that the upper edge will part the 
water without shock—which matter simple geometry. The 
water, gliding between the vanes, W,, partakes their velocity, and, 
hence, the line escape, lower edge W,, the water again has 
high velocity, shown the dotted lines Fig. 41, but, imme- 
diately after its escape from W,, the water comes against second set 
fixed deflecting vanes, which the component, its velocity 
again checked and the pressure increased correspondingly, accord- 
ing the well-known law hydraulics. 

Thus, the pressure can increased indefinitely succession 
moving and fixed vanes. 
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can shown (see page 507) that the effect the vanes, 
will exactly equal that the first set vanes, W,, which act 
more nearly under the laws purely centrifugal force. 

The details construction can varied indefinitely, but the sim- 
plicity that shown Fig. not likely surpassed unless 
that shown Fig. 32. 

Note that Fig. the area the horizontal section the 
water channel constant between the first and last lines discharge. 
Hence the vertical component, the velocity must constant. 
This simplifies very much the construction and also the problems 
proportioning. The flow, course, could made radial and yet 
retain the novel feature here described, but the space occupied the 
pump would increased very much and the construction com- 
plicated. 

Fig. shows compound turbine* pump, which will now 
readily understood. The water enters from above, through The 
space, will occupied air below atmospheric pressure (if 
under suction), the air being admitted through cock the pipe, 
the air thus admitted doing, also, the duty that admitted through 
Fig. 30. The space, will occupied air high pressure 
admitted through the pipe, the process described connection 
with Fig. 22. 

This design has one additional and advantage, that 
the high pressure under the wheel, and all the reaction the flow- 
ing upward. Thus the weight the wheel and shaft 
length equal the lift can usually fully supported, and often more 
than supported. 

example the theoretic porportions pumps the style 
shown Figs. 22, and 32, the following offered: 

Assume intake pipe, ins. diameter, and intake velocity 
ft. This gives 2.8 cu. ft. per second. Assume the 
outer diameter the discharge (to ins., and the inner diame- 
ter (to ins. Then the discharge area 0.376 
sq. ft., and the vertical component the velocity there 7.4 ft. per 
second, and this does not change until the horizontal area changes. 

Assume 800 revolutions per minute. Then the velocity, the 
outer tips the vanes will nearly ft. per second, and the theo- 


This non-committal name used because the action neither purely centrifugal 
nor impulsive. 
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retic lift, will nearly ft. when the outer tips the pro- 


pelling vanes are perpendicular their motion, that 
degrees. 

Under the above conditions, the inner tips the vanes, where they 


Theoretic conditions: 
Capacity 8 cu.f. per second, 
= 3600 gals. per minute. 
500 revolutions per minute. 
Head= 60 ft. nearly. 
nearly. 


SECTION A-B, SHOWING 
ONE VANE EACH SET. 
COMPOUND TURBINE PUMP. 
Fra, 32. 

Fig. 27, and the top edge the fixed deflectors, should slope 

the opposite direction about Fig. 30. 
The extreme outside diameter (over the flange) such pump 
would about The figures are drawn scale and show the 


proportionate heights. 


| } 
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The lift found for single-acting pump can doubled (theoret- 
ically) compounding, Figs. and 32, which are drawn scale 
and show how little additional weight work would necessary 


accomplish that result. 
Fans. 


The demonstrations and formulas heretofore given, relating 
both centrifugal and impulse pumps, apply any fluid constant 
density. Notice that weight, density, appears none the for- 
mulas for dimensions, velocities heads. If, then, enter the study 
fans blowers, assuming that the change density the air (or 
any gas) while passing through the machine slight that may 
neglected, can accept without question the formulas offered 
for either centrifugal impulse pumps. Indeed, has already been 
stated that impulse pumps there should change pressure 
the fluid passes through the vanes. Then the formulas for 
impulse pumps apply fans, without any qualifications. 

will shown presently that the simplest, cheapest and prob- 
ably the most efficient fan will discharge under atmospheric pressure. 
will now shown that that case, also, the equations will 
stand, although centrifugal force may cause compression within the 
wheel. 

Fig. assume the cylinder, filled with compressible 
air, then the weight unit volume will not constant, but will 
depend the distance, from the center. 

Let represent this weight the distance, from the center. 
Then the centrifugal force, due disk unit area and infinitesimal 


Also, 
a 


the distance, from the center, and and are the weight and 

pressure, respectively, free air. 
Substituting and dividing get 


a 


Then 
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Whence, 


Whence the pressure the outer limit, 


Now, assuming change temperature, known that what- 
ever energy pent the compressed gas within the wheel must 
energy (energy motion), when the gas escapes under 
atmospheric pressure. The energy the gas within the wheel 


partly the pressure and partly the velocity revolution. Hence 
have the equation 


5 9 ? 


IMPULSE FAN. 
33. 


where the absolute velocity immediately after escaping. Sub- 


stituting the value log. found above, the equation reduces 
a 


Which expression will obtained the analysis 
page 482 when the velocity approach omitted. 


the writer’s opinion, fans should designed and proportioned 
accordance with the principle impulse pumps, except that the 


enclosing casing can omitted. See Fig. 33. Such constructions 
have the following advantages: 


(a)—They are composed few and simple parts. 


vanes being short, radially, great inlet area can pro- 
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vided fan comparatively small diameter, and the discharge 
increased correspondingly. 

condition that the discharge atmospheric pressure 
renders the mathematical analysis the action simple, and satisfac- 
tory formulas for proportioning and speeding fan can obtained. 

condition pressure (or suction) the joint, re- 
veals whether not the wheel speeded and proportioned properly, 

Furthermore, these impulse fans (if that name accepted) will, 
for reasons simplicity and economy, probably without guide 
vanes, and, for similar reasons, the moving vanes may assumed 
radial the outer end. apparent, further, that since the air 
enters and leaves atmospheric pressure, the two factors, and 
the equations, disappear balance each other. Thus simplified, the 
principle formulas become: 


the air passes the joint, its energy all kinetic, 


but after gets into the discharge conduit its energy 


will usually partly due pressure and partly due velocity. 
Thus, suppose there required absolute pressure, p,, and veloc- 
ity, the conduit; then, the law conservation energy, 


Whence, 


a 


when the temperature 60° Fahr., and lbs. per square 
foot. Inserting the numerical values, get 

While Equation theoretically correct, the common 

practice neglect the effects compression, and work equations 

identical form with those used differing only the 

weight the fluid and the coefficient friction. This practice 


sufficiently accurate for practical purposes, within the ordinary limits 
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compression produced Thus, instead the equation 
above for the equation for energy would written 


where the pressure above the atmosphere, and the volume 
the pressure, but, compression neglected, may taken 
Q,; then Equation reduces 


or, inserting numerical values, this becomes 
Results computed from Equations and will not differ 
enough affect the dimensions designing. Hence, the latter, 
being much simpler, preferable for that purpose; but, computing 
the efficiency fan, Equation should applied, and value 
inserted, according the temperature the passing air. 
fan deliver 400 cu. ft. per second free 
air (at temperature 6)° Fahr.) into passage where the pressure 
ins. water (10.4 lbs. per square foot), the velocity ft. per 
second See Fig. 33. 
116.8 
and 256. 
Then, Equation 
Equation 
Evidently, either result will sufficiently accurate for designing. 
Now, entrance velocity, about ft. per second 


allowed, the area the entrance 6.66 sq. ft., 3.33 sq. ft. 
each side. The area circle ft. radius 3.14 sq. ft. Hence 

Assuming the velocity the entrance the vanes, the 


1.005; 


whence 
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Now, there are twelve vanes, they will about ins. apart the 
inner tip. radial length ins. for the vane seems 
sufficient. This will make the fan wheel ft. diameter. 

Equation 


9 


5) 
Also, Equation 
Then, Equation 


Whence 
The vanes should curve forward the inner end make angle 


with the tangent, which the tangent, 1,31, 
the angle 52° 45’. 
The theoretic horse-power such fan would 
nearly. 
Fig. drawn scale showing the dimensions just computed. 
The vanes and the hollow wheel which they are inserted can best 
made sheet metal polished inside and outside. 

The curved approach the inlet should not omitted. Judg- 
ing similar conditions hydraulics, the discharge will about 
50% greater with curved inlet than without. Hence, evidently, this 
one the most important details. 

Adjustment.—The joint, open the atmosphere. When the 
wheel designed and speeded according principles already dis- 
cussed, the energy passing the joint, all kinetic, that there 
tendency leakage inward outward. However, most cases 
practice, the resistance overcome forcing air through the 
passage (pipe, mine, tunnel, building, furnace, the like) cannot 
computed accurately, and may vary from time time. Hence, 
order meet these conditions satisfactorily, desirable that the 
fan should adjustable. order understand this phase the 
subject, the following discussion necessary: 

all effects compression are neglected, which may done under 
the ordinary conditions practice, the resistance overcome when 


forcing air through passage, which the conditions are constant, 
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will vary with the square the velocity (proved experiment), and, 
course, the velocity varies directly with the quantity air passed. 
Hence the resistance varies with the square the quantity. Also, 
from Equation seen that varies with all other factors 
being Equation varies with Hence, from the 
foregoing considerations, may said that the resistance varies 


with and, from Equation the pressure head produced the 
wheel, 


showing that sufficiently accurate for the present purpose say 
that the propelling force, varies also with being compara- 
tively small. 

Thus found that fan cannot adjusted variable resist- 
ance varying only. The folly attempting will 
still more apparent when considered that the necessary power 
run the fan varies with the cube the speed, has free dis- 
charge. 

The problem adjustment, then, reduced this: Either change 
the resistance changing the quantity air delivered without chang- 
ing the speed, change the speed (and thereby the propelling force) 
without changing the quantity; possibly, both may changed 
once. any case, would necessary make the area the air 
passage adjustable. Theoretically, the adjustment ought made 
the area the discharge passage from the wheel; that is, the 
equations, should adjustable; but, practically, very doubtful 
the advantage would outweigh the disadvantage mechanical com- 
plications necessary provide for such adjustment. The discharge 
could adjusted the adjustable pump. 

The area the inlet could easily throttled any extent, and 
some provision may found advantageous, though, theoreti- 
cally, not the proper place apply the adjustment. 

Attention should called the fact that the conditions the 
joint, will indicate the attendant whether the speed and volume 
discharge are properly related the resistance, that is, air 
escaping the resistance too great, the wheel discharging 
more air than can force through the passages; while, air being 
the resistance less than the wheel could overcome, 
the wheel could send more air through the passages. 
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The writer suggests that, until experience throws light this part 
the study, the area the discharge slot made little less than 
computed. Then, speeding up, the required quantity can 
obtained, and there will some excess propelling head. Without 
this suggestion probable that the designer would suppose that 
order the safe side both area and speed should have some 
excess. 

Fig. represents which the vanes are open the side, and 
turn within fixed casing. Otherwise, the proportions should 
worked out for Fig. 33. This construction not simple 
economical that shown Fig 33, though represents present prac- 
tice more nearly. Nor would indicate whether the proportions and 
speed were properly adapted the resistance. However, orifice 
through the casing, the line least width, would give the 
needed indications, provided the proportions are accord with the 
method described pages 528 530. The idea apt prevail 
that closing the sides the fan, Fig. 34, the air kept 
the passage and forced move into the conduit; but this would 


error, for the propelling head, and the possible volume are 


not properly related the resistance, any excess volume will not 
enter the fan. Attention this fact will explain the paradox that, 
within assignable limits, the more open the passage mine the more 
power required torun Close the passage, and air passes. 
Then, though the fan continues run, discharges air, and the 
power required only enough overcome the friction within the fan. 
This one extreme. The other is, when there resistance outside 
the fan. 
CENTRIFUGAL Pumps. 


Unfortunately, the published data taken testing centrifugal 
pumps are incomplete every case that the writer has examined. 
The only object making the tests seems have been see the 
pumps met the conditions the contract. That, course, the 
most important matter, far single pump concerned, but 
what are most needed are comparative results affected variations 
proportions, angles, speed and head. only from such data 
that can interpret_results intelligently and detect the combinations. 
that give the best results. 
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The data which should recorded test are: 
dimensions and details the water passages, including: 
pipe; length, diameter, valves, 
entrance the wheel, and details the joint 
between the wheel and the casing when the runners are inclosed; 
(c)—Angles and the intake and discharge ends, respect- 
ively, the propellers, with tangent the circle which they 


move; 


(d)—Details the open joint between the runner and the casing 


the discharge, when inclosed runners are used; 


(e)—Details the curve, any, through which the water passes 
from the tips the propellers into the 

(g)—Conditions the various surfaces polish. 

above can shown two sections; one through the center 
the plane revolution, the other through the center right angles 
the plane revolution. Dimensions should shown figures. 

Second.—The pressures three points, and should re- 
corded, follows: 

(a)—In the suction, near possible the wheel, but 
straight pipe channel; 

the outer tip the propellers, tapping through the 
casing right angles the plane revolution; 

the first straight section the discharge pipe; 

Care must taken place the gauges where centrifugal force 
will not affect the results. When the gauges are set thus will not 
necessary take the elevations the water surface the sump 
and discharge. 

Third.—(a)—Speed, revolutions per minute; 

delivered 

consumed with pump full water, but without dis- 
charge; 

consumed when pump running empty. 

Fourth.—The following points should not overlooked pre- 
paring for and conducting test: 


pump cannet start discharge under head that can 
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maintain after starting. Hence, valve discharging under low head 
should provided. 


will seldom found practicable deliver the water 
stand-pipe with the desired head, especially when desired vary 
the head, will usually the case. Then the only recourse 
throttle the discharge beyond the pressure gauge the discharge 
pipe. doing this, remember that with the discharge cut off entirely 


2 
the maximum pressure head will including suction, and, 


the valve gradually opened the pressure head will rise, theoretically, 
the valve opened further, the head will become less. Thus 
skilful manipulation the throttle valve while watching the press- 
ure gauge should enable the operator find the maximum lift for 
any Theoretically, the condition that gives the 
greatest lift should also give the greatest efficiency. Practically, the 
greatest efficiency will probably found when the valve opened 
little wider than when giving the greatest lift. 

(c)—The total lift credited the pump the head shown 
the suction gauge plus that the discharge gauge plus their difference 
elevation. The elevation the gauges should assumed the 
surface the water standing the small pipe leading the gauge, 
and some provision determine this should made. 


maximum including suction head, after which, 
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APPENDIX. 


While pursuing these studies, the following scheme for hydraulic 
air-compressor occurred the writer. natural result the 
ideas presented pages 494 
496. 

Let Fig. 35, represent 
centrifugal pump working 
then, evidently, neglecting slight 
differences elevation, the pres- 
(see Figs. and 18). How, 
then, can account for the work 
done the pump 

The answer depends cir- 
cumstances. For 


purpose will assume air space, somewhere the circuit, and 
that free air has access the joint, through the spaces, Figs. 
Under these circumstances the rush water through the flar- 
ing nozzle, into relatively unresisting (since the pressure 
equals that will cause suction the joint, and, assuming 
proper provisions for the admission air, the entering air will 
compressed the pressure soon the velocity checked. 

The air thus compressed can separated chamber, and 
thence conducted away. Theoretically (as the word usually ap- 
plied), should find the energy the compressed air equal the 
work done the pump, there being other channel through which 
the energy can disappear except friction its various forms. 

The water would absorb the heat compression, and therefore 
isothermal conditions would very nearly realized, but the heat thus 
absorbed would have taken out exterior cooling, suggested 
Fig. 35. 

Another attractive feature the scheme that, theoretically, with 
nearly constant motive power and speed, the degree compression 
can varied indefinitely and the quantity air entering will self- 
regulating. 

easy computation will show that compressor great power 
and volume can embodied small machine. 

Disregarding cost, mercury used instead water, the calcula- 
tions show remarkable results. 

the air-chamber abolished, filled with water, and water, 


power. 
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The practical difficulties carrying out such will prob- 
ably serious, and possibly insurmountable. test sufficiently 
say whether not can made success would require extensive 
and expensive experiments. The main questions are: Can enough air 
taken into the current absorb the energy; and what the best 
mechanical means for providing for its admission? 
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land 


ducting these tests, which show great amount painstaking labor 
the part Mr. Turrill, excellent opportunity was offered 
determine the rate, well the total amount, absorption. With 
bricks heated for the time, and the degree indicated these experi- 
ments, and with the time allowed for the complete test, valuable 
information might have been obtained weighing the bricks fre- 
quent intervals during the period immersion. 

There little doubt that the rate absorption much greater 
during the first few hours immersion than any later time, 
although there will increasing absorption for long period. 

ordinary commercial work not usually convenient extend 
the absorption tests over more than hours, and sometimes not more 
than hours. The latter time rather short; but the writer be- 
lieves that hours gives sufficient time indicate clearly the char- 
acter the brick and give results definite enough for all purposes 
comparison. probable, any case building brick and most 
cases paving brick, that least the total water ab- 
sorption would taken during the first hours immersion, 


This discussion (of the paper Sherman Turrill, Assoc. Am. Soc. E., printed 
Proceedings for March, 1903), printed Proceedings order that the views 
expressed may brought before all members the Society for further discussion. 


Communications this subject received prior June 26th, 1903, will published 
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and itis believed that this initial absorption affords fully 
factory index the character the brick would obtained 
from more extended test. Certainly, absorption the 
stages that important consider ordinary brickwork where 
exposed moisture. Brickwork under water usually constructed 
material which will absorb only very small percentage its 
own weight. 

The writer believes that tension tests brick should receive more 
attention than has been given them crushing tests 
large number brick piers columns, has found that failure 
occurred invariably splitting longitudinally, the individual bricks 
failing tension, with little indication 

The author’s conclusions, based upon the results his tensile 
tests, concerning the comparative strength natural, filled-with- 
water, and reheated bricks seem justified. true 
that the twelve tests the average strength the reheated bricks 
highest; but noted that two these specimens (Nos. 
and 231) give abnormally high results. With these omitted, scaled 
down the next highest figure (No. 491), the average will prac- 
tically the same the natural brick. Comparing the 
and the natural,” noted that six the latter give 
higher value than the corresponding and 
the whole set twelve bricks the averages for the three conditions 
differ only 

would seem the writer more nearly correct conclude that 
these tests not establish any difference whatever the tensile 
strength these three classes brick. The stresses due bending, 
although not classed tensile stresses, have some significance 
this connection, and their averages indicate excess strength 
favor the natural brick. However, notwithstanding the extent 
these experiments and the care with which they were conducted, 
they are not sufficiently numerous warrant general conclusions. 
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Hazen, Am. Soc. E.—This paper unusual interest, Mr. Hazen. 


represents careful and scientific development method 
filtration which has been used extensively this country per- 
fected and developed form. This method that commonly known 
mechanical filtration, distinction from the older type known 
sand filtration, which has been used widely European cities for 
many years, and more recently toa considerable extent this country. 

The water Little Falls free from excessive sediment, and 
type for which sand filters would usually considered preferable. 
For waters the turbid type, particularly where the amount sewage- 
polluting matter not great, mechanical filters give better clarifica- 
tion than sand filters. Mechanical filters, because their high rate 
filtration, occupy less space and can installed sites which are 
not adequate for the construction sand filters; and, apparently, 
was for this reason that mechanical filters were selected this case, 
although the removal color, which more complete connection 
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with the chemical treatment than possible sand filters unaided, 
was doubt important, although secondary, object reached the 
selection. 

far the clarification concerned, there can question 
the treatment. The results secured, shown the records given 
the author, are almost ideal. The point greatest interest con- 
nection with its operation is, whether will remove the disease-pro- 
ducing properties with the same certainty that well constructed and 
operated sand filters do. 

Most our knowledge the improvement the health com- 
munities filtering their water supplies relates the changes effected 
sand filters. Corresponding data for mechanical filters are yet 
limited and unsatisfactory. The figures for bacterial efficiency given 
the author promise much this respect. should noted, how- 
ever, that the raw water much less polluted sewage than the cor- 
responding water many places where sand filters have been used, as. 
for example, Poughkeepsie, Lawrence and Albany; and, the 
author states, the death rates the population supplied the past 


with the water its raw state have not been excessive. The test 


thus less searching one than would have been the case under other 
conditions, and, the same time, the conditions left less room for 
doubt the outcome, from sanitary standpoint, than would have 
been the case had the raw water been polluted sewage much 
greater extent. 

sand filter operating low rate filtration, the removal 
the disease-producing properties, which are, general, the bacteria, 
seems depend upon the attraction the bacteria for the sand, and 
for the matters which accumulate upon the sand grains the course 
filtration; and that action, know, such that the removal 
the bacteria most complete. Ina mechanical filter the rate fil- 
tration increased, general way, forty times. The result this 


increase rate that the actions which make the sand filter efticient 


are longer adequate remove the bacteria, and the action the 
filter becomes dependent upon the addition coagulant the water 
before filtration, and the formation flocculent precipitate 
which entangles the bacteria and allows them removed 
the high rate. The efficiency the filter, this respect, depends 
absolutely upon the faithful and continuous application coagulant. 
The problem reduces itself devising mechanical 
securing all times the application the coagulant the raw water 
the right amount. this can accomplished thoroughly there 
can doubt the efficiency the purification secured. 

There are great many mechanical filter plants the United 
States. Unfortunately, most them have failed this respect 
some them the failures have been frequent and extended 
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habitual. Others have failed less frequently, but they have failed Mr. Hazen. 


more frequently because the coagulant was not applied faithfully and 
than from any other cause. this plant decided step 
has been taken securing devices insure the continuous applica- 
tion the coagulant, far devices can secured; for, after all, 
the human element often the weakest link the chain, and that 
cannot eliminated altogether. 

Tne probability satisfactory operation increased greatly 
the laboratory which has been established connection with the 
plant, where the operation watched with care and detail, and the 
results are recorded fully and impartially. This most important 
step securing uniformly excellent results, and hoped that 
will followed all important plants. The importance such 
supervision shown the tables results and the fact, noted 
the author, that the lowest efficiencies obtained bave followed the 
failure secure perfect operation the coagulating apparatus. 
Without the laboratory, these slight lapses would have passed unno- 
ticed, and the improvements the apparatus correct them would 
not have been made. 

large part our accurate knowledge mechanical filtration has 
been derived from certain experiments made the author 
ville, Ky., and the speaker Pittsburg, Pa. each case filters 
what are known the Warren and Jewell types, well certain 
other appliances, were installed. comparison some the fea- 
tures these earlier experimental filters with the Little Falls filters 
may interest. figures, necessarily, are only approxi- 
mate. 


TABLE No. 17. 


LOUISVILLE EXPERI- EXPERI 
Little Falls MENTAL FILTERS. MENTAL FILTERS. 
filters. 
Jewell. Warren. Jewell. Warren. 
Capacity 
basin, hours’ 
when rate filtration 
125 090 000 galls. per acre 
0.48 1.15 0.49 0.89 
Effective size sand, milli- 
Uniformity coefficient of, 
sand ..... 1.50 1.65 1.47 1.40 
system, millimeters........ 1,60 0.71 0.61 
Percentage which holes 


strainer system are fil- 
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The Pittsburg and Louisville experimental filters may regarded, 
certain sense, prototypes the Little Falls filters, and 
interesting note the changes from the earlier designs. 

The coagulating-basin capacity Little Falls increased. Un- 
doubtedly this change most advantageous, and may questioned 
whether still further increase would not desirable. The best size 
for the coagulating basin depends almost entirely upon the character 
the raw water, and size most advantageous for one water might 
quite inadequate for 

the depth sand there but little change, although the very 
deep layer used the Jewell filter Pittsburg has not been 
repeated. The sand slightly finer than the earlier filters, but 
the change not important, and the uniformity coefficient, which 
was insisted rigidly Little Falls, about the same the 
earlier filters. 

The size the holes the strainer system much greater, but 
the total area the holes reduced. The large size opening 
only possible connection with the considerable gravel layers the 
bottom, and these layers are doubt necessary with the smaller total 
area the openings. 

The ample area the exit holes the Warren filters has much 
commend it. the action filtration was all that had consid- 
ered, the size would hardly have been reduced below this figure. The 
disadvantage the large strainers the washing. With them there 
not sufficient control the points which the wash-water rises 
through the sand. The only way that this has been controlled 
adequately has been restrict the sizes the openings the 
strainer system, until much head consumed forcing the water 
through that good distribution the water secured over the 
whole the area. the Jewell filters, this was secured taking 
the water through necks immediately below the strainer outlets, these 
necks having area only approximately the filter area. 
This arrangement secured very good distribution wash-water, but 
was open the objection having abnormally high friction for 
both the entering and leaving water. 

the Little Falls design, the holes the strainers themselves 
represent the greatest amount contraction, and the area these 
holes, while much less than the area the holes the Jewell strainer 
systems. three four times great the area the necks back 
those holes. 

The strainer system serves two widely different uses. normal 
operation, collects and removes the filtered water; washing, dis- 
tributes the wash-water, and the distribution all the filter 
bottom must substantially equal. The requirements the two 
services are quite different, and the strainer compromise 
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between the requirements each. The speaker has often questioned 
his mind whether the best possible results could secured without 
using separate systems for the two services. 

The most important point divergence from the earlier designs 
the substitution air for agitating the sand during washing for the 
rakes driven power, which served this purpose all the earlier 
filters. Air agitation has been used many smaller filters, but not 


before where the results were actually recorded and made available 


for study those interested the art water purification. The 
air agitation has the advantage, its ready applicability rectangular 
masonry filters, and avoiding the necessity having power and 
shafting over the filters. seems work well Little Falls, and 
the present indications are that may largely supersede other forms 
agitation. 

The excellent manner which concrete has been used all parts 
the design most creditable the constructing engineers. 

Assoc. Am. Soc. E.—The expression ripen- 
filters has been used Mr. Fuller, and the speaker would 
like ask him and Mr. Hazen what, their opinion, meant it. 
that the surface the grains sand becomes more less 
covered water bacteria, and these bacteria help the act puri- 
fication any other way than blocking the interstices between the 
grains sand; or, the contrary, are understand that sand 
filter becomes capable giving good bacterial effluent 
when the sand has been deprived the air germs contained before 


any water had been passed through the filter? other words, does 


the imply the addition water bacteria the sand, the 
elimination air germs from the surface the sand grains 
less prolonged flow water? Some light this subject might not 
without interest. 

This brings back statement made the speaker discuss- 
ing the The Decolorization Water,* when cited some 
experiments had made during several months with filters contain- 
ing granular materials—sand and charcoal. both cases practically 
sterile water was applied (from bacteria per cubic centimeter). 
The during the first two three days, had from 100 300 
bacteria per cubic centimeter, and, day after day, although the applied 
water was always the same (not averaging more than bacteria per 
centimeter), the went showing ever increasing 
number bacteria, until the day, when reached 
upwards 5000. Then the number bacteria the effluent began 
fall off. until, the end the month, the filtered water did not 
contain more than the water (about bacteria). Therefore, 
took one month ripen these filters. They were kept opera- 


* Transactions, Am. Boe. CI Vol XLVI p. 
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tion for more than three months afterward, and during all this second 
period—that is, after the filters had been applied 
water never contained less than 000 bacteria, sometimes contained 
000 more, and the filtered water never contained more than 20. 

How can the large number bacteria found the filtered water 
during the first fortnight accounted for? cannot be, has 
sometimes been said, that the granular materials are favorable the 
development water organisms introduced with the applied water, 
because, this case, the applied water was practically sterile. 
the theory the multiplication the bacteria the filter were 
attributed the accumulation mud, how was that, all 
sudden, and forever after certain time (nothing being done steril- 
ize the materials), the number bacteria the filtered water went 
diminishing daily until became low the applied water and 
continued practically sterile for months, although the applied water 
after the first month contained very large number bacteria? 

plausible found the fact that when granular 
materials—sand charcoal—are new the grains are surrounded with 
dust partly made dry germs. These dry germs,may compared 
dry seeds, which, pointed out Tyndall, when contact with 
water, are softened and incubated, were, and they become full- 
grown bacteria. this state life they either out with the 
filtered water, die the sand without progeny. 

The speaker, therefore, suggests that the true explanation the 
original germs existing materials which have 
been exposed the dust the air previous being used filters. 

Seme the experiments would appear strengthen this 
view. One the sand filters which had been ripened,” already 
explained, and was giving perfectly pure water during more than one 
month, was placed out service, the old sand taken out 
and thin layer small pebbles, which had not been washed used 
before, was placed the bottom the filter, and the old sand 
put back again pebbles. During the following days the filtered 
water became very rich bacteria, and was more than fortnight 
before the filtrate was free from bacteria the applied water. 

The ripening filters, therefore, would seem consist freeing 
the sand from air germs and not charging with water bacteria. 
This but idea, for which the speaker has given his reasons, and 
submitted for consideration. 


Am. Soc. E.—This paper presents the mod- 
ern design and construction the mechanical filter, and valuable 
addition the literature the subject water purification. The 
construction substantial and cleanly, and the design accord- 
ance with the best recent knowledge this subject. 
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There one marked difference between the design this plant 
and those which were constructed few the older 
plants the coagulant was introduced directly into the filtering tanks, 
while this one mixed with the raw water, which then allowed 
pass through subsiding basin, from which taken the filtering 
tanks. This important feature the design, Table No. 
shows, for the months October, November and December, 1902, and 
January, 1903, that 83, 68, and respectively, the bacteria 
the raw water were removed before the water left the subsiding 
basin; and, addition this, the sludge deposited this basin, 
instead the filtering tanks, where would clog the sand and 


Mr. Harrison. 


necessitate more frequent washings. Some experiments made the. 


speaker few years ago show clearly the great value the subsiding 
basin, and indicate that one large enough require more than one 
hour for the water pass through would desirable. The effect 
the basin would increased very much taking the water from 
points near the surface. The plans not seem indicate how 
this done, and perhaps the author will give some further informa- 
tion the subject. using subsiding basin proper size, the 
action the coagulant can entirely completed before the water 
reaches the filtering tanks, and the sludge deposited the basin, 
thus increasing the efficiency the plant removing the bacteria 
and reducing minimum the quantity wash-water required. 

Am. Soc. E.—Since the end the six 
months’ experimental period mentioned the paper, there has been 
one month normal operation this filter plant. During that 
month—March, 1903—the quantity coagulant was about 
excess the expected average. 

The average quantity wash-water has been about normal; and 
the plant has been operated about one-third its normal capacity. 

The cost per million gallons filtered water delivered into the 
pipes (wash-water deducted) has been follows: 


the quantity water filtered was twice great present, 
the labor item the above cost would not increased. The cost 
would proportion the quantity water filtered, 
and the heat and power items would increased only slightly. 
fact, the heat item for March greater than the average per month 
throughout the year. 

Under these conditions, which will probably obtain within year, 


the cost per million gailons would about $2.50, instead $3.19, 
stated above. 
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Assoc. Am. Soc. E.—This excellent paper pre- 
sents few points which can criticized unfavorably. 

Passing the discussion the construction this intricate 
monolith, and considering the operation the plant, one impressed 
the care taken the design have everything convenient for 
the operator. Those who have had with the operation rapid 
filters have been impressed the great loss time and consequent 
cost incurred for the opening and closing valves during the 
washing the sand layer; but when one goes Little Falls and sees 
how easily the filters are operated, how little labor performed 
obtain the required results, filled with admiration for the work. 

The speaker has made several visits Little Falls, both during 
the construction during the operation the filter plant, and 
doubts any municipal structure, built during the last few years, 
has had few things which have had changed after the 
completion construction, notwithstanding that the Little Falls con- 
struction represents many new departures. 

The chief these departures—the use air agitator, during 
the washing process—permits the rectangular construction the 
filter tanks, thereby enabling one increase the size the units 
and abandon the short-lived mechanical agitator and the 
space-consuming, round filter tank. 

The speaker happened Little Falls before the gravel was 
put into the filters, and while the air and water distribution systems 
were being tested. The these devices was excellent. 
The water appeared every strainer about the same time, and the 
spray from the strainers appeared cover the whole bottom the 
filter, when viewed from above. The air, also, distributed. 

The gain efficiency Little Falls due the use air agitation 
well shown the tables. Whether this agitation air 
means other than water currents necessary all filter plants—that 
is, enough justify its cost—is question. The water Little 
Falls might called fibrous. contains much vegetable and 
amorphous matter, which makes felt the sand layer during filtra- 
tion, and which must removed continuously with each washing, 
order maintain the sand layer its highest efficiency. The use 
air agitation breaks this felt and the concretions aluminum 
hydrate, amorphous matter and sand, and reduces all the matter 
particles such hydraulic value that they can removed more 
readily, subsequently, with the wash-water. Whether agitation would 
necessary with water containing only crystalline, silty and finely 
divided suspended matter does not seem form mat felt 
the surface the filter), and where the expense the agitator 
consideration, must left the future and the larger plants for its 
solution. 
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Certainly, the experience which will undoubtedly gained from 
the operation this plant will establish the system rapid filtration 
upon firm, rational and scientific basis, and must felt all 
that, least after the proposed plants Louisville, Cincinnati and 
New Orleans are completed, will possible for engineers design 
rapid filters with little chance failure, provided all the local 
conditions are studied carefully. 

Regarding the preparation sand fora rapid filter, the speaker 
agrees with Mr. Fuller that necessary have uniform sand, 
medium size, practically free from particles finer than 0.25 mm. 
diameter. obtain sand this character hard task. late 
the speaker has been attempting devise apparatus for the removal 
the fine particles, the from alot sand. This means 
that all particles which would pass through wire-cloth with meshes 
the linear inch must removed. Given, dry sand, simple 
problem separate particles which would pass through screen with 
meshes the inch, but much more difficult one finer screens are 
tried. 

Thinking that, perhaps, the best method was dry the sand and 
pass through screen, the speaker designed hexagonal rotary 
screen, ft. diameter and ft. long. The frame this device 
carried two concentric, hexagonal, wire-cloth screens, the inner No. 
and the outer screen The screen made about thirty 
revolutions per mjnute. was cleaned, from the outside, jet 
compressed air. 

The sand was heated temperature from 300 400° 
and was thoroughly dry. was then fed into one end the screen 
the rate about cu. ft. The results were unsatisfac- 
tory. The fine screen clogged quickly, fact, that became 
useless after few days. the first three four days, with 
constant watching, one could get proper sand cost about 
yard; and, the way, $10 cubic yard not high estimate 
for rapid-filter sand. present winnowing-device being tried; 
the first work and the cost operation reasonable. 
hoped that the solution the problem lies along these lines, 
separation hydraulic practicable only where wateris cheap 
and abundant. 

This paper reflects great credit its author, his associates, the 
filter company and all others concerned the design and construc- 
tion this excellent work. 

Assoc. Am. Soc. E.—The speaker has 
been privileged follow the construction the Little Falls filter 
plant from the beginning, and witness its successful operation. 
say simply that success would faint praise, indeed. 
the first adequate demonstration the priaciples mechanical filtra- 
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tion applied large scale, and its many unique features distinguish 
sharply from the conventional type mechanical filters used here- 
tofore. 

Among the features which have interested the speaker especially 
are those which appertain the filter proper, namely, the sand, the 
gravel, the strainer system, and the application compressed air 
aid sand washing. These details seem have been arranged 
with great care, and, themselves, are sufficient render this plant 
unique. 

The fact that little sand has been lost during the washing pro- 
cess proof, not only delicate design, but careful operation. 
This fact appeals the speaker the more strongly, perhaps, be- 
cause has recently had experience with mechanical filter which 
the quality the sand was poor and the method sand-washing was 
imperfect. this plant the compressed air and wash-water were 
applied the bed simultaneously, with the result that short 
period few months’ time much fine sand was lost that the 
effective size increased from about 0.30 about 0.60. certainly 
more scientific use sand proper size and adjust the wash-water 


conditions that sand may lost than use cheap, im- 


properly graded sand and depend upon the remove the 
fine material. 

The speaker agrees with those who have already spoken that 
matter for congratulation that the Little Falls filter has been tested 
carefully. While many data are available for plants, 
there are comparatively few mechanical filters which have been tested 
adequately. only the publication such results that the 
popular prejudices against mechanical filters can swept away. 
Take, for instance, the matter alum. The speaker supposes that 
there engineer who has recommended the installation me- 
chanical filter but has had contend with the popular prejudice 
against the use alum, and who has not been told, cities where 
such plants have been installed, that the consumers could taste the 
alum—sometimes even before was used. 

The fact thatit possible prevent undecomposed alum from 
passing mechanical filter, even though the alkalinity the 
original water low, demonstrated the five thousand tests 
which have been made Little Falls. This something which 
engineers can point with pride,” and the operators can take much 
credit for this the engineers. Indeed, cannot stated too em- 
phatically that the successful operation mechanical filter 
dependent upon the conscientious and unflagging attention the op- 
erators, night and day, day and day out. mechanical filter will 
run itself. Even automatic devices must watched. But, while the 
element human fallibility introduced the operation me- 
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remembered that locomotives and steam boilers need 
watched, and does every form machinery. more diffi- 


cult care for filter than care for pumping machinery, and, with 


the same class operators and with suitable filters, periods imperfect 
filtration ought not more common than railroad accidents. Just 
the country has developed class men skilled firing boilers 
and running engines, there must developed class men skilled 
operating filters. present time there more promising 
field for young graduate engineer than that superintending the 
operation filter plants. Such men need have some knowledge 
chemistry and bacteriology—enough for them carry certain simple 
tests the water before and after filtration—and they should understand 
the principles hydraulics and mechanical turn mind. 
hoped that our engineering schools will take this subject into con- 
sideration and see that their students have proper instruction the 
operation well the design filters. 


stated, the completion this plant stands milestone marking 
distinct progress the art mechanical filtration. lesser, though 
still distinctive, way stands milestone from constructive 
point view, that has been constructed throughout almost en- 
tirely concrete. This has been done with idea making the 
entire structure durable and permanent possible, and this 
part the work which the speaker now wishes refer. 

The substructure the plant, that is, the portions acting 
coagulating basins and clear wells, built gravity section con- 
crete mass, without iron. The filters over the clear well, the walls 
the building proper, and the monitor, are also built concrete, 
with steel rods embedded throughout the mass. All floors and parti- 
tions, well the benches and chemical hoods the laboratories, 
stairways between different levels, mixing, solution and chemical 
tanks, and columns and girders throughout, are also concrete con- 
struction. 

relation this construction there are number unusual fea- 
tures. The floor over the coagulating basin designed for load 
per square foot, and consists two spans each, the 
interior ends the floor beams resting concrete girders, resting 
their turn concrete columns from the bottom the basin ft. 
These columns average ins. square, and sustain exterior 
load more than tons per square foot. possibly tall 
column for sustaining such loads has yet been constructed con- 
The this basin, while designed carry 350 lbs. per 
square foot, has frequently carry loaded cart, the concentrated 
load each wheel being about 500 Ibs. 


chanical filter, more, perhaps, than the case sand filter, must Mr. Whipple. 
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one portion the plant there are two mixing tanks, which are 
ft. diameter and ft. high, containing about galls. 
water each. They are round tanks, made concrete ins. thick, 
the concrete surrounding These tanks are tight and 
safe with water inside pressing with water outside press- 
ing inward. They are also set upon the top concrete posts, about 
ft. above the floor the coagulating basin. 

The stand-pipe, tank into which the river water and the coagu- 
lant first enter, ft. diameter and ft. high, and tight 
with water pressure either inside outside. made concrete, 
ins. thick the bottom and ins. thick the top, the concrete 
being reinforced with iron rods embedded therein. This entire tank 
was built hours, all the-concrete being placed from the top, and 
thus falling the full depth ft. when the tank was first started. 
This contrary the ideas great many engineers regard 
proper concrete construction, that is, put depth ft. 
concrete continuously without stopping. 

This concrete was put very wet, wheel-barrow load cu. ft.) 
time, and was merely joggled position. When the forms were 
removed the surfaces were absolutely smooth, not stone void 
showing. had been intended plaster the inside surface this 
tank make water-tight, but the plastering was omitted being 
wholly unnecessary. 

interesting part the construction the suspending the 
steel pipes, ins. diameter, and full water, from stirrups 
fastened the concrete floor beams. 

These pipes when full weigh more than ton per linear and 
convey the water from the coagulating basin the filters; for part 
their length they are protected inside with cement lining. 

The filters themselves, which there are thirty-two, were built 
under guaranty tightness and strength, the minimum sections 
concrete and metal having been specified before bids were received. 
these tanks are situated directly above the clear-water basin, was 
essential that they should absolutely water-tight. This result was 
secured, trip around the clear-water basin boat failed 
detect any dripping from the filled tanks above. This result was 
secured first building each tank monolith, the bottom, sides, 
and top, all one continuous operation. They thus became for all 
intents and purposes like nest boxes, each box being free move 
itself under varying stresses. Each tank was also plastered the 
inside first with }-in. coat cement-and-sand mortar and then 
coat neat cement mortar. This last coat, below the sand 
level, was stippled with stiff corn broom, make the surface 
very rough, prevent the passage water between the sand and con- 
crete sides, rather than through the sand. 
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proportions part cement, parts sand and parts stone, which 
are rather unusual proportions for water-tight work under heads 
ft. The idea, when the specifications were made, was that 
would best make water-tight lining the inside the basins 
with very rich concrete, and make the outer part the wall with 
poorer concrete, order save cost, the theory being that the inner 
lining leaked, would best have such water pass out through 
the back the wall. 

actual construction, however, was found that the 
concrete—the very rich concrete—which was used for the lining, was 
very difficult place, and, placed, actually was not tight the 
1:3:7 concrete. The latter was absolutely water-tight, far 
permeahility concerned. What leaks there are the plant are very 
few, and they have always occurred joints cracks due tem- 
perature. great deal care was taken the grading the sizes 
the sand and stone, have the voids filled very thoroughly 
before any cement was placed the mass. 


The concrete the lower part the structure was made the Mr. 
ulier, 


Am. Soc. E.—It seems that the past has Mr. Tribus. 


demonstrated that filtration can effective for the almost absolute 
removal sedimentary and deleterious organic matters public 
water supplies, and also fully evident that many surface-water 
andsome ground-water supplies, well, will soon have filtered. 

There can question that with proper care either the rapid 
will effective; one being, however, more 
straining method, the other probably more thoroughly bacteriological, 
and so, perhaps better, from strictly sanitary standpoint. 

interesting question, not largely investigated yet, but which 
special attention should given early date, whether water 
treated the process will keep longer storage without 
spoiling than that treated the ‘‘slow sand process” (the chemicals 
generally used with the former ought never such excess 
themselves Thus far, has been deemed most 
expedient keep all filtered waters covered storage reservoirs and 
relatively small quantities that, but filtration comes into more 
general use will found, many instances, very desirable have 
the processes carried near the sources supply, and the filtered 
water delivered existing large open reservoirs near the point use. 
all filtered water going deteriorate seriously with such open 
more rapidly than would unfiltered water, then filtration has 
not yet reached the point development which must reach for 
universal application. the same water will keep good 
condition after being filtered one the main processes, then that 
process will control the general situation. 
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the plant under discussion, test analyses the raw water, the 
water the coagulating tank and the filtered-water basin, have 
been made systematically, with, perhaps, few analyses the water 
from the tap delivered some miles away, The results seem have 
been eminently satisfactory, but what would the result this same 
water, prior its use, should stored for several weeks after filtra- 
tion, open reservoir? The question can only answered 
experiment, and hoped that such test, along the line sug- 
gested, will made the company whose plant has been well 
designed and interestingly described Mr. Fuller. 

Lanepon Jun. Am. Soc. (by letter).—There one 
point Mr. Fuller’s admirable paper which not clear the writer. 
has been unable find any statement concerning the co-ordina- 
tion the rate application the alumina sulphate solution the 
flow raw water through the grid. vary the application 
the alum solution properly, some device needed. the writer’s 
brief experience with small municipal filter plant, case occurred 
where the quantity alum added the raw water was entirely too 
small, simply because the impossibility measuring the flow the 
raw water passed the outlet the alum feed. The alum had 
regulated the pumpage from the clear-water well, which 
means corresponded the flow raw water into the settling basin 
during the same interval. 


Joun Assoc. Am. Soc. (by letter).—Thanks 
are due, not only Mr. Fuller for his valuable paper the Little 
Falls Purification Works, but also Mr. Waldo Smith, Superin- 
tendent and Engineer, and the other officers the East Jersey 
Water Company, for allowing the publication such complete de- 
scription the plant, and especially the results accomplished 
during its first few months service. The writer knows place 
where much valuable information requisite for designing 
mechanical filter plant properly available given condensed 
form this paper. 

The writer visited the construction work several times during its 
early stages, and was fortunate enough located that could 
visit the plant frequently during the latter part the construction, 
well since has been put service, and has made the most 
these opportunities study the construction and operations detail. 
The type construction adopted Little Falls radically different 
from that used heretofore for mechanical filter plants, and, the 
opinion the writer, great improvement over that used for 
certain other plants built recently. The design mechanical filter 
plants the future will, hoped, modeled, general, 
closely after the Little Falls work. 

The writer strong believer very wet concrete, and 
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tion Little Falls was mixed wet that the workmen had literally 
wade through it. Concrete thus mixed requires very little tamp- 
ing, rather joggling the whole mass into position, and the engi- 
neer can feel assured that will get satisfactory piece work, and 
that when the forms are taken down the exposed faces will present 
smooth appearance and free from voids. This smooth appearance 
was characteristic the work Little Falls. Although im- 
possible now inspect very much the heavy walls, yet certain 
portions are still exposed, namely, those shown below the super- 
structure the views Plate and visitor the plant who 
interested concrete construction will well repaid examin- 
ing these walls carefully. They have not been touched any way 
since the forms were first taken down. 

common practice filter construction take certain precau- 
tions prevent the raw water from passing down too rapidly along- 
side the walls. Little Falls, has been stated, the inner walls 
the filter tanks below thé sand surface were roughened stippling 
with wire brush before the plastering had set. The surface thus 
produced was very rough, and, fact, for the end desired, was the 
most satisfactory surface which the writer has ever seen. 

designing the concrete walls and piers for the slow sand filters 
Philadelphia, the writer advocated slightly different method 
procedure. The exposed faces the piers and walls below the sand 
line were floated with thin plaster Portland-cement mortar, 
and then, before this plaster had set, were dashed with sand. 
The necessary clauses providing for this were inserted the specifi- 
cations. After the construction was under way, course the attempt 
was made carry out this provision the specifications. The writer 
was not charge the construction, but visited the work frequently 
watch its progress and the methods used the contractors. The 
sanding the surfaces, actually done, could hardly said 
satisfactory, but, the opinion the writer, this was due entirely 
the method doing the work. The writer had seen surfaces else- 
where which had been finished rough being with sand, 
namely, the coping and exposed faces small concrete retaining- 
walls, and surfaces similar these the writer had mind when the 
specifications were written. Recently, has heard that the attempt 
sand these surfaces has been akandoned, and that they are finished 
smooth, but trusts that has been misinformed this particular. 
his opinion would much better leave the rather rough sur- 
face produced the common float than trowel them 
smooth; or, better still, roughen them stippling with wire brush, 
was done Little Falls. 
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especially interesting note that the concrete the main construc- Mr. Gregory. 
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The idea using hydraulic valves instead the ordinary hand- 
operated valves was happy one, and, glance, will apparent 
anyone who can watch the daily operations Little Falls and 
other plants. The ease with which the valves are controlled was 
brought home the writer very forcibly afew weeks ago. had 
occasion conduct series experiments mechanical filter plant 
which was necessary open and close valve frequent inter- 
vals control the supply water. The valve had the ordinary hand- 
wheel, and turned very hard, the stem was bent slightly. 

All took turns handling the valve, and the time and labor con- 
sumed was anything but pleasant, say nothing the comments 
which were forthcoming. 

The use air for agitating the sand layer has proved successful. 
Many times the writer has watched the application air the various 
tanks, the ordinary operations washing, when the tanks have 
been only partly filled with sand, and with sand when the strainers 
have been covered with only few inches water. When the air 
turned on, naturally finds relief through the nearest outlets, and 
the thought passes rapidly through one’s mind, Will come out all 
over the this answered once the almost instant 
agitation the water surface all points, and, far the eye can 
judge, with perfectly uniform distribution. 

The experiments indicate that Little Falls the use air for 
tage; but may that some other place, with different water, the 
air could dispensed with, reliance being placed the wash-water 
alone. Engineers, however, would hesitate design plant 
operate under such conditions without first having demonstrated its 
feasibility series carefully conducted experiments. 

The Little Falls plant thoroughly date, but experience 
indicates that here, with nearly all work, improvements can 
made. the case question, however, they are entirely minor 
nature, and not affect the work whole. 
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DEFLECTIONS BEAMS WITH VARIABLE 
MOMENTS INERTIA. 


Discussion.* 


Assoc. Am. Soc. (by letter).—The author mr. Church. 


has presented derivation the Fraenkel Formula,” 


which seems the writer lacking rigor; least would 
probably considered reader not familiar with the books 
Castigliano and Martin, and who, therefore, might 

For mathematical purposes, auxiliary force supposed 
applied the beam the point whose desired, addi- 
tion the actual loading. Now, this force should ultimately 
reduced zero (as similar demonstrations Castigliano) before 
result can reached that will rigorously applicable the beam 
under actual loading alone. Such ultimate reduction zero 
presumably implied the author the evident assumption that the 
effect the bending moment due the auxiliary force the produc- 
tion the change length, fiber, negligible. Strictly, 


denote the bending moment due the auxiliary force alone, should 


This discussion (of the paper 


Proceedings for March, 1908), printed Proceedings order that the views expressed 
brought before all members the Society for further discussion. 


this subject received prior June 26th, 1903, will published 
subsequently. 
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ignore the then, when added tothe (moment actual 
loading), anticipate the final reduction zero the auxiliary 
force. But the demonstration, presented the author, the 


auxiliary force used one unity, which, course, cannot 


reduced zero; and nothing said any change value the 
part this force. 

the writer, this obscurity seems entirely unnecessary, and 
would suggest the following changes the details the argument: 
Let the auxiliary force the point question havea value units; 
and let the the direction this force, the point 
application; due the combined action and the actual 
loading. 

Under these circumstances, the bending moment any sec- 
tion due alone, the final stress any fiber, due alone, 
will and hence, eventually, the internal work due alone, 
the simultaneous and gradual application both and the actual 
loading, will be, for the beam 


while the external work will 
Equating these values W’, have 


If, now, define quantity, being the rate which pro- 
duces the bending moment, any section; other words, 
state that the value the rate foot-pounds moment for 
each pound (or other unit) the value may write 
whence 


simply the position (being numerically equal the bending 
moment that would produced any section force unity 
the point question), but that not function the magnitude 

Equation may now written 

(M+ 


and evidently available for determining the the point 


(20) 
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ing and the force itself; having any value. 


If, now, made Mr. Church. 
equal zero, the equation takes the form 


the quantity, retaining its first value, since independent the 
magnitude while denotes the deflection the point ques- 
tion, due the original loading alone. this way would seeni 
that all obscurity the derivation the Formula” might 
avoided. shown, however, that Equation is, after 
all, nothing more than expression the fact theorem, proved 
Castigliano and others, that the deflection displacement (in the 
direction the force) the point application force, acting 
with other forces elastic beam, equal the derivative (or 
differential the total internal work the beam, with 
denote the bending moment any section, due the loads, 


hence Equation becomes 


Now, the total internal work fiexure the beam (as far bend- 
ing moments are concerned) known 


l yr 2 d 
and hence, Castigliano’s Theorem, just mentioned, have, for the 
d 
that is, 


which seen identical with Equation 2d. 

follows, therefore, that the quantity, equal 
the bending moment that would due force unity the 
point application and having the same direction, simply the 
derivative the total bending moment any section, with respect 
already noted, this derivative independent the magnitude 
(M" being linear function Q), and hence has the same value, 
when becomes zero, for any other magnitude. thus seen 
Theorem.” 
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While the Fraenkel doubtless the most advantageous 
for the problems treated this paper, may interest call 
attention the fact that the ‘‘Theorem Three Moments (with 
variable moment inertia), may used for the same purpose (if the 
influence shear disregarded), for the reason that its most 
general form this theorem relates any three points the elastic 
curve bent beam (whether not there are supports any these 
three points); and that introduces the deflection the intervening 
point below the straight line othertwo. When the theorem 
applied Problems Nos. and the paper, the three points 
chosen would the two extremities the beam (over the supports), 
and the point whose desired. Under these circumstances, 
the desired deflection identical with that which appears the state- 
ment the theorem, and the end moments are each zero; that 
solution immediately effected for the deflection. similar obvious 
application may made for Problems Nos. and 
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AUTOMATIC MODULES 
FOR REGULATING THE SPEED FILTRATION. 


Discussion.* 


Joun Assoc. Am. Soc. (by letter).—The Mr. Gregory. 
author presents paper subject which great interest 
those who have had occasion design apparatus for regulating the 
rate filtration. 

The author states, the second paragraph: 

forms semi-automatic apparatus this description 


have been devised, but as, under the law the survival the fittest, 
they appear doomed speedy extinction,” ete. 


presumed that the author intends classify under semi-auto- 
matic apparatus all apparatus which requires hand regulation, and 
such the case, the writer differs decidedly from the statement that 
such apparatus appears doomed speedy extinction.. 

The author goes state that ‘‘at all events, for the purpose 
view, has not been considered expedient include any special men- 
tion them (semi-automatic apparatus) herein.” The author’s pur- 
pose was describe automatic modules, revealed the title 
the paper, but the writer thinks that would have been expedient 
describe some the forms semi-automatic apparatus, point out the 
defects that may exist, and give reasons for not advocating them. 

The author, possibly, not acquainted with recent American prac- 
tice this line; but, so, could not have failed note that 
two the largest and most recent plants, which hoped will 


*This discussion (of the paper Charles Anthony, Jr., Am. Soc. E., printed 
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pressed may brought before all members the Society for further discussion. 
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placed under construction the near future, hand regulation has 
been adopted. The writer refers the proposed slow sand filters 
Pittsburg, the construction which, unfortunately, seems post- 
poned for some little time, and the filters Washington, C., 
contracts for which, according the latest press reports, have just been 
awarded. While full details these proposed plants have not been 
published, sufficient details have appeared American engineering 
periodicals, the last year so, show that hand regulation has 
been the type adopted. The writer- knows one other plant, which 
has been built during the last year, which hand regulation used. 
another large plant which built shortly, the details 
which the writer was asked advise, the unanimous opinion all 
concerned was favor hand regulation, and the details for the 
plant have been thus drawn. would seem from this that, the 
United States, hand regulation semi-automatic apparatus not 
doomed speedy extinction. 

The writer has had considerable experience the last few years 
designing apparatus both automatic and semi-automatic types, and 
watching the operations both, and may interest point 
out some the advantages and disadvantages each. 

While connected with the construction the Albany filtration 
plant, designed and built Allen Hazen, Am. Soc. E,, had 
the opportunity watching the daily operation the filters for sev- 
eral months. The apparatus Albany, as-is well known, consists 


orifice, ins. high and ins. long, fixed brass plate, situated 


cross-wall the regulating chamber. The head the orifice 
maintained constant level opening closing valve the 
main effluent pipe from the filter. Suitable floats, with scales and 
markers, indicate the rate filtration the filter, corresponding 
the head the orifice. The apparatus was designed that with 
head ft. the center the orifice the rate filtration would 
000 000 galls. per acre per hours, and the orifice was placed 
that the loss head could reach maximym ft. while still main- 
taining the head ft. the orifice. The filters were designed 
run normal rate 000 000 galls. per acre per hours, and 
difficulty was experienced throttling the valve the effluent pipe 
that the head the orifice would 1.00 ft., or, the most, 1.01 
ft. The variation rate corresponding these two heads only 
fraction 1%, and small that may neglected. 

After filter scraped, and when service, the loss 
head course small, only few hundredths foot; this increases 
gradually from day day, slowly first, but quite rapidly toward 
the last end the run when the clogged. the 
loss head and rate filtration are taken every few hours, and, 
need be, the effluent valve opened slightly bring the rate fil- 
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tration back the normal rate desired, the rate drops off slightly Mr. Gregory. 


during the period. This dropping off rate only small amount, 
but, course, greater toward the last the run; both cases, 
however, not sufficient affect the quality the filtrate. 

One possible objection hand regulation separate regulating 
houses may raised, that the opportunity afforded the attendant 
negligent his duties regularly visiting the filters, and with 
little chance detection. The larger the plant, the greater the objec- 
tion might be; but the writer does not think that sufficient 
importance govern the selection the type apparatus used, 
except under certain abnormal conditions. believes that 
easy obtain attendant filter plant who will perform his duties 
kind plant, will perform other duties faithfully. 

If, now, instead separate regulating houses, single central 
regulating house used, which the effluent from each filter 
piped, especially the office the same building, the possible 
objection hand regulation removed. This latter arrange- 
ment which the writer has advocated forseveral years where the general 
lay-out the plant such admit it. 

Hand regulation, whether single regulating houses cen- 
tral one, advantageous one respect, that requires periodical 
attendance each filter, thereby ensuring that any irregularity will 
not pass long unobserved. With apparatus the automatic type 
possible, course, lengthen materially the period between 
observations, fact, with the apparatus set given rate allow 
run until the loss head great that the filter goes out ser- 
vice. Under this extreme condition, anything went wrong would 
not known. the other hand, automatic appa- 
ratus, for any reason the attendance for short time omitted, one 
can feel reasonably assured that things are going along all right. 
While hand regulation, from its nature, requires periodic attendance, 
the writer decidedly the opinion that automatic apparatus should 
receive just careful attention, the operation the plant 
above criticism. 

The author makes very convenient classification the various 
automatic modules, and, would the writer, mentions the floating 
weir first, that being the type which would first suggest itself. one 
the figures, the author illustrates apparatus this type which 
calls the Glenfield Jones, which the discharge regulated 
varying the depth submergence the weir; and commenting 
this states that: 


however, imperfect type, friction causes the weir 
more less submerged, depending whether floating 
rising falling water, and, furthermore, the adjustment for varying 
the discharge cumbersome and 
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whether not apparatus this type imperfect, would 
seem depend almost entirely the design the details. the 
sliding joint arranged that the friction appreciable quantity, 
the apparatus will more less imperfect; but experience seems 
indicate that the friction this point can reduced such small 
amount that can neglected. whether not the adjustment 
for varying the discharge cumbersome and inconvenient, while 
may with the apparatus illustrated, can said that this also 
depends entirely the design the details. The writer knows that 
possible construct apparatus this type that the adjustment 
accomplished the simplest manner possible, that is, turning 
hand-wheel indicator stand. 

While considering this subject, may interest illustrate 
three sets apparatus this type which were designed under the 
writer’s direction for the slow sand filters Philadelphia. The figures 
are only drawn sufficient detail indicate the general design and 
operation the apparatus. 

Fig. shown the type which was first designed, and which 
now use the six filters the Lower Roxborough plant. This 
consists circular copper float, the form torus, carrying 
above and secured four-armed cast-iron spider, through 
which threaded stem, the hub, the lower end the 
stem, carried smaller four-armed spider, made brass, 
joined the stem that can turn freely horizontal direction, 
but without any vertical movement the stem. This spider, 
supports vertical brass pipe, which, for convenience, may 
called the telescopic pipe, the top which forms 
weir, over which the water flows. This telescopic pipe enclosed 
cast-iron casing, the lower end which connects with the main 
pipe leading the filtered-water basin. The telescopic joint, 
through which the pipe, passes, brass ring, and arranged 
with grooves that light packing could inserted desired. The 
stem, brass, the lower end only being circular and threaded; 
above, square brass tubing, and passes through circular 
hole the floor, which serves guide the stem. Above the floor 
placed indicator stand with The stem passes 
through this stand without being connected it, the hub the 
hand-wheel having square hole through slightly larger than the 
stem. 

shown, water passing over the crest the weir, thereby giv- 
ing certain rate filtration the filter. desired change 
the rate, this accomplished turning the hand-wheel the indi- 
cator stand. doing so, the stem, turned, and, threaded 
through the spider the telescopic pipe, raised lowered 
with reference the water level, correspondingly decreasing 
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increasing the rate. order that the float, shall not turn with the 
stem, small projecting piece fastened it, moving along the 
guide, which fastened the wall. 

The rate filtration indicated pointer moving over 
horizontal dial directly under the hand-wheel. The movement 
this pointer accomplished means brass collar, with 
hole, fitting around the stem, and forming the worm train 
gearing. The graduation the dial determined from experiment 
rather than from computation. 

The weak point apparatus this is, course, the joint, 
When came designing this joint, three styles were con- 
sidered, one being that shown, another thin plate with hole very 
slightly larger than the telescopic pipe, and the other cup leather. 
The writer rather leaned toward the leather joint the thin plate, but 
after discussion was finally decided adopt the one shown, with 
the provision, however, that the design should such that either 
the others could substituted was found desirable. should 
remarked that with either the types which not make tight 
joint there will certain amount leakage, greater, course, 
the first the run when the head greater; but, the writer’s 
opinion, this leakage would small, compared with the amount 
passing over the weir, that would not serious matter. This 
leakage, however, avoided possible. 

After this apparatus was installed was found that with the joint 
designed did not operate satisfactorily. The writer understands 
that the cup leather has now been substituted and giving very satis- 
factory results. 

designing both sets was intended provide 
access for air under the sheet water, and was thought that suffi- 
cient opening had been provided the four points where the spider, 
was joined the pipe. was expected, however, that there 
would some entrained air carried along the solid column 
water passing down through the telescopic pipe, due the agitation 
the surface produced the falling sheetof water. either event 
was not anticipated that would much. seems that 
such, however, was not the case, and that there has been some little 
trouble caused air being sucked in. The writer has not had the 
opportunity studying the apparatus for any length time while 
operation, and hence cannot suggest what would consider the best 
way remedying it; but, from his knowledge all the details, sev- 
eral methods have suggested themselves. The trouble with the air 
the water passing out through the appuratus, however, does not affect 
the satisfactory operation the filter. 

When came designing the Upper Roxborough and Belmont 
plants was found desirable raise the elevation the effluent pipe 
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leading from the regulating chambers. This resulted modifica- Mr. Gregory. 


tion the design the regulating apparatus, which modification 
shown Fig. 13. The upper part the apparatus the same 
that just described. The change the lower part indicated clearly 
the drawing. The object providing the internal casing, was 
prevent possible cramping the telescopic pipe, the joint, 
due the lateral movement the water passed out into the 
effluent pipe leading from the chamber. This modified type appa- 
ratus was also included the designs the Torresdale plant, 
used for all the filters except one, which was installed still 
further modified type. 

All the apparatus was designed run for maximum rate fil- 
tration 000 000 galls. per acre per hours, and with maximum 
loss head the filter ft. readily seen, then, that when 
the filter first started after scraping, the water passing over the weir 
falls several feet, causing the agitation mentioned previously. 
should also noted that during the run the telescopic pipe has 
vertical movement corresponding the total loss head, and con- 
sequent variation leakage tight joint not used before 
stated. was attempt improve both these features that the 


‘apparatus illustrated Fig. was designed. 


The indicator stand, the stem, the joints, and the 
float, are the same described previously. The spider, 
lengthened vertically, but has connection with the spider, ex- 
cept through the stem, although: the drawing might seem indi- 
cate otherwise. The spider, double one, the upper part being 
similar the one described previously, and serving the same purpose; 
the lower part carries vertical valve The telescopic pipe, 
made much shorter, while the outlet casting, quite different 
inform. Below this outlet casting, there solid plate with 
opening for the valve stem, and below the plate there bal- 
anced piston-valve, placed the end the main effluent from the 
filter. This valve consists hollow internal cylinder piston, 
with openings, surrounded annular casing, also with openings. 
The position the piston, controlled float, The 
changing the rate filtration, with the other types, 
changing the level the crest the weir, relative the 
water level the chamber. 

The operation the apparatus may described follows: 
When the filter started, after scraping, the piston, will its 
lowest position, with its openings opposite those the annular casing. 
The water will pass out through the piston-valve into the chamber, 
rising around the float and passing over the weir. When the water 
has reached sufficient elevation, the float will rise, carrying with 
the piston, and thereby partly closing the openings the annular 
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casing. The will rise such position that the water discharged 
through the piston-valve will the same that passing over the 
weir, which position the apparatus will equilibrium. The dif- 
ference head between the water level the filter and the cham- 
ber, minus the head lost passing the filter, will used 
passing through the piston-valve. the beginning run this 
head will several feet, but the last end will only small 
amount. any time the rate changed, the position the float 
and piston will altered slightly correspond the new condition 
affairs. 

will seen, then, that with this type apparatus the water 
level the chamber will remain practically constant, varying the 
most only few inches instead fluctuuting several feet, and thereby 
giving practically constant leakage tight joint not used. 
The telescopic pipe, will have vertical movement only few 
inches, and its length has been reduced toa minimum. 
joint, preferably, would used prevent leakage this 


Lloyd and Mr. Dunlap, his assistants, for several valuable sug- 
gestions working out the details the three types apparatus 
just described. 

conclusion, the writer would add the two requirements 
which the author points out should fulfilled automatic apparatus, 
third, namely, that the loss head caused the apparatus should 
reduced toa minimum. the Philadelphia designs was this 
requirement which was the determining factor deciding the use 
the floating weir which the submergence the weir could 
varied. 
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SMALL ROCK-FILL DAM. 


Discussion.* 


able see the advantage hand-packing the up-stream portion the 


rock The author states that the object was help make the 


dam water-tight offering narrow and broken joints which would 
retain the matter carried leakage. This reason would have 
considerable weight the up-stream face the rock fill had been left 
exposed and free receive the full volume silt and suspended 
matter contained the water. the dam was backed with earth 
the up-stream side, the only matter that could carried into the rock 
fill would from the earth fill. This fill stated consist almost 
entirely clay, impervious material allowing little leakage. 

The writer thinks the hand-packing the up-stream face the 
rock fill rather disadvantage, except the respect that the portion 
thus packed would naturally greater solidity and would conse- 
quently afford greater stability the structure. This effect could 
have been obtained building the up-stream portion the rock fill 
with slope and placing the stone without hand-packing. 
This proceeding would have required additional quantity stone, 
but the cost the extra stone would have been more than compensated 
for the smaller unit cost stone place and the decrease 
the yardage the earth fill. 


*This discussion (of the Parsons, Am. Soc. E., printed 
Proceedings for March, printed Proceedings order that the view expressed 
may brought before all members for further 

Communications this subject received prior 26th, 1903, will published 
subsequently. 
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constructed, the rock fill and the earth fill meet compara- 
tively smooth surface, affording chance for bond connection 
between the two substances. This surface constitutes, effect, 
plane weakness, which likely become sliding plane storm- 
water flood-water uses channel duct. Should this occur, 
the displacement parts the earth filling nearest the rock might 
follow, and this would cause settlement the earth fill. Ifthe slope 
suggested the 1—had been used, and the earth 
nearest the rock had been well tamped into the interstices between the 
stones and the irregularities the surface, good bond would have 
been formed between the earth and rock fills and the liability slip 
thereby lessened. addition, the danger the penetration storm- 
water flood-water would have been minimized. 

preferred have the up-stream face the rock fill hand-packed, 
would have been better have finished steps. The earth 
filling next the stone could have been selected clay carefully 
tamped. good bond would thus have been formed. The author 
does not state whether the cut-off trench was connected with the dam 
any manner prevent seepage over the top the sheet-piling. 
insure water-tightness the trench should have been filled with clay 
well puddled, and the filling carried over the face the rock fill 
for foot more, joining the clay filling next the rock fill. 

large rock-fill dams, constructed the West, provision gener- 
ally made for water-tightness special constructions, such timber 
facing, steel diaphragms coated with asphalt, other methods. 

The writer believes that the methods suggested him will meet 


all requirements the case small dam such that under con- 
sideration. 
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NOTE THE COEFFICIENT ELASTICITY 
CONCRETE AND MORTAR BEAMS 
DURING FLEXURE. 


Discussion.* 


Assoc. Am. (by letter).—The coefficient Mr. Hatt. 


elasticity used ordinarily the designer steel-concrete beams 
that for direct tension compression. does not seem that the 
moduli given Mr. Falk are value for this purpose. 

Assuming, however, that the results desired the author are use- 
ful, appears that the details the method measuring deflections 
means lever deflectometer should have been related. this 
lever was placed directly under the beam, the amount compression 
the supports must have influenced the character the curves 
shown Especially, the case the shorter beams, 
true that the deflections are probably due compression the sup- 
port, shear the beam, and the beam. The ratio height 
span only the case the half beams too small 
yield proper values the coefficient elasticity bending. 

The author does not describe the method calculation used 
determine the coefficient elasticity and the extreme fiber stress 
quoted Table No. these are the result the application 
formula that based upon assumption rectilinear relation be. 
tween stress and strain and equal moduli tension and compres- 
sion, the writer’s opinion that the results such computations 
are little significance. 


*Continued from April, 1903, Proceedings. See February, 1903, Proceedings for 
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THE PRESERVATION 
MATERIALS CONSTRUCTION. 


Informal Discussion.* 


THEODORE BELZNER and CREHORE. 


Inst. (by letter).—Quite recently, and inci- 
dentally, the writer mentioned Mr. Noble that had piece 
iron, about 200 years old, the form masonry cramp bonding 
iron, approximately with the addi- 


tion the ends turned down (Fig. 2), and which 
thought might worthy testing, both 
physically and chemically. 


Mr. Harrison has suggested that, 
view the discussion The Preservation Materials Construc- 
note the history this piece iron might presented, 
and, probably, view the gigantic iron-framed buildings, where 
the iron largely inaccessible for painting, may all the more 
interest American 

1899, while acting for Sir Benjamin Baker and Hay and 
Mott Chief Assistant Engineer the City and South London Deep 
Underground Railways, the writer found this piece iron within the 
sandstone masonry one four piers forming the pedestals four 
triple sets stone Corinthian columns which were being underpinned 
steel girders, the process forming railroad depot the crypt 
vaults St. Mary Woolnoth Church, the junction Lombard 
and King William Streets, facing the Bank England, London, 
England. 


Continued from the Proceedings for March, 
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the floor the church and the roof the crypt, where, also, several 
human bodies were found encased complete lead-shell coffins 
embedded the foundations. 

This church was built the site church destroyed previously 
the great fire London 1666, and was designed Nicholas 
Hawksmoor, pupil, and eventually contemporary, Sir Christo- 
pher Wren. 

The iron cramp bond was wholly embedded horizontal sand- 
stone masonry joint made lime hydraulic and not pure lime). 

may observed that practically oxidation can discerned 
the microscope. Attention also drawn the pieces lime still 
clinging the iron. 

may that the lime has acted preservative, and, 
this, the writer may permitted observe that piece, 
about ins. square, the cast-iron shell the Tower Subway under 
the Thames, built 1869-70, was cut out for the inspection the 
Arbitrator the City London versus the Subway Company. The 
writer saw this piece immediately after was cut out, and, remov- 
ing the shell lias (hydraulic) lime grout from the iron, the thin 
coating coal tar, which still remained the iron, smelt perfectly 
fresh, and the iron was perfect condition. the past six 
seven years the writer has removed several hundred feet other 
iron tunnels the process enlarging the Subway. These had been 
place from ten twelve years, and the iron was also found 
perfect state of. preservation. The soil which these tunnels are 
built stiff blue moist clay. 

account the strong belief hydraulic lime and Portland 
cement preservative iron, all the 400 500 tons steel columns 
and girders which now carry the afore-mentioned church, over the 
railway depot, were covered with expanded metal and then wholly 
encased neat Portland cement. 

Fig. Plate XLII, photograph, the partially demolished 
vaulting the church, which the place from which the iron cramp 


was taken indicated across. Plate XLII, photograph 
the cramp. 


iron cramp referred Mr. Forgie, which was subsequently sent 
the writer for test, seems have been originally one end 
thickened bending and the other end considerably wasted away. 
Before testing the cramp the ends were sawn off, leaving them 
their original condition. The material was very hard spots, and 
three hack-saws were dulled cutting off the ends. The body the 
cramp was cleaned all scale and mortar light blows ham- 
mer. was rusted badly some places under the adhering mortar. 
order grip the testing machine had reduced thick- 


From this pier also radiated the vaulting arch groining forming Mr. Forgie. 
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ness, and pulling developed bad seam, otherwise the ultimate 
strength would, doubt, have been somewhat higher. The following 
are the results obtained: 


Ultimate Percentage Percentage 


0.008%; sulphur, phosphorus, 0.060 
per cent. 

The writer indebted Mr. Job, Chemist the Philadelphia 
and Reading Railroad Company, for the chemical determinations. 


Jun. Am. Soc. (by letter).—Regarding 
the steel beams taken out the sidewalk vault, mentioned Mr. 
William Barclay Parsons,* the writer would like know whether, 
from Mr. Parsons’ observations, these beams had received shop coat 
oil. 

Steel, embedded concrete, such grillage beams, should 
cleaned thoroughly. The writer does not think necessary have 
them painted; but, course, this does not apply which par- 
tially embedded concrete, such the side columns, roof beams and 
girders having exposed surfaces, now being used the construction 
the New York Rapid Transit Subway. Steel which partially em- 
bedded concrete should cleaned thoroughly, either the sand- 
blast process brush and scraper, and then given good priming 
coat red lead, followed protective coat some standard 
carbon paint. 


profitably made, seems the writer, the remains the habi- 
tations the Ancient Lake Dwellers Switzerland, furnishing 
the best authentic instances the preservation wood and other 
substances under the most favorable conditions, from pre-historic 
times (in fact, from the New Stone and Copper Ages) the present 
time. 

The building the habits and customs that period, 
means somewhat advanced Sherlock Holmes methods, very inter- 
esting, but hardly calls for more than mention here. 

the winter 1853-54, the waters Lake Zurich fell re- 
markably low level, thereby revealing certain piles the bottom, 
great distance off shore. These piles proved from 
ft. length and from ins. diameter. They were rows, 
sometimes parallel the shore, sometimes right angles it, and 


Proceedings, Am. Soc. E., for March, 1908, 307. 


} 
| 
| 
| 
| 
| 
| 
| . 


Papers.] PRESERVATION MATERIALS. 573 


were either firmly embedded the mud supported heaps Mr. Howe. 


stones the base. Sometimes they were driven through boards 
which rested the bottom. 

The piles were braced together means transverse beams with 
wooden-pin connections, and planked over form platform 
which the huts were built. 

There was also draw-bridge connection with the shore. 

Few piles now project more than ft. from the bottom. They are 
saturated thoroughly with water that they are quite soft. Some 
them appear like needles, which elsewhere have disappeared and left 
only black disc. This true, however, principally the oldest, 
those the Neolithic Age. 

The point which entered into the mud still bears the marks the 
fire and the stone hatchets, later on, the metal hatchets. The 
manner driving great depth into the ground difficult 
imagine. 

the various objects which give the key the doings this 
people, Sir John Lubbock says 

Lying among the piles are fragments bone, horn, pottery and 
sometimes objects bronze. Most them are imbedded the mud 
hidden under the stones, but others lie the bottom, yet unin- 
jured; that when, for the first time, saw them through the trans- 
parent water, momentary feeling doubt their age rose 
mind. The upper parts the objects also, which are 
bathed the water, are generally covered layer carbonate 
lime, while the lower part, which has sunk into the mud, quite 


unaltered.” 

many other Swiss lakes, habitations are indicated like man- 
ner, and understood that the Swiss have made the 
most golden opportunity. The Zurich— 
Keller and others—was one the first so; and quite pos- 
sible that official correspondence with that society would pro- 
ductive results the present status the entire subject. 


Am. Soc. (by letter).—In the pre- Mr. Crehore. 


vious discussion this subject one point concerning the protection 
metals paint seems have been entirely lost sight of. When the 
first coat paint applied the bare metal, the action somewhat 
analogous that which accompanies the application the priming 
coat piece soft pine; the oil soaks into the pores” the 
metal and carries the pigment with it. cast iron the action dis- 
cernible the naked eye, but takes place also steel, although 
less extent, account the greater density and, consequently, the 
less porosity the latter. 

Obviously, the oil ina paint the conveyer, the medium 
which the pigment brought contact with the metal. The oil is, 
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also, certain extent, protector the metal when itself pro- 
tected the pigment. Pure oil, itself, unmixed with pigment, 
will protect the metal long lasts, but very soon evaporates 
and gone. the mixture the oil which is.outside, next the air, 
soon evaporates and leaves the pigment, while the oil which inside, 
next the metal, remains there permanently because the protection 
afforded the outside pigment. protect the coating 
next the metal more thoroughly, therefore, second coat paint 
should applied soon possible after the first one dry. 

view this combined action the oil and the pigment fol- 
lows that the further the pigment can injected carried into the 
pores the metal, the better the bond between the paint and the 
metal; and the pigment itself good protector its efficiency 
certainly increased rather than diminished being well bonded. 
Owing the great density steel iron, this action very slight, 
comparision with the absorptive power wood, and its amount de- 
pends upon the fineness the pigment, well upon the density 
the metal. This one reason why paints differ efficiency pro- 
tectors metal. The more finely ground pigment makes the better 
metal paint, other things being equal, andsuch pigment conveyed 
better thin oil than any other. Then, too, the quantity oil 
the mixture important point, well the degree com- 
pleteness with which the the pigment have been mixed together. 
The requirements, therefore, for good metal paint are somewhat 
analogous those for good concrete. As, for the latter, there should 
just enough cement fill the interstices between and cover 
completely each particle sand, and just enough the mixture 
fill the interstices the stone; so, for the former, the pigment should 
ground fine enough enter the pores the metal, the oil should 
correct quantity, that thoroughly filled loaded with 
the pigment, and thin enough that will carry the pigment into 
the pores the metal. seems, then, that produce the ideal 
metal paint requires: (1) that the pigment should good protector, 


that the pigment should very finely ground, (3) that the oil 


should pure and very thin, (4) that there should just enough 
and not too much oil the mixture, (5) that the two should com- 
pletely mixed together. 

Furthermore, obtain the best results, such paint must ap- 
plied next the bare metal itself, without any intermediate coating 
oil scales rust, either which obstructions will prevent the 
pigment from reaching the pores the metal. The writer contends 
that the metal should absolutely bright and clean before being 
painted. The fact, referred Mr. Seaman, that the first coat 
paint will adhere better metal with dull surface than metal 
with bright surface because the dull surface possesses the greater 
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porosity the two and consequently affords better opportunity for Mr. Crehore. 


bonding the paint. Experience, however, shows that check rust 
which has once begun impossible, but that keeps increasing 
even though covered with good paint. view this fact best 
have the metal cleaned sand-blast, before being painted, order 
insure the best results, with any paint. 

The action the cement concrete covering for metal work 
practically the same that good paint. The cement will adhere 
better the metal there nothing between and the bare surface 
the metal; and the concrete forms fully good protection, under 
ordinary conditions, would good paint. If, however, the metal 
located where there occasional moisture, ordinary concrete not 
sufficient protection, and such case the metal should painted 
before being set. the other hand, the concrete and the steel are 
expected act together resist stress combination, coat 
paint prevents bonding between the metal and the concrete, and then 
should not used. 

That have not sufficient data establish indisputably the supe- 
riority those paints which approach more nearly than others 
the conditions above mentioned, chiefly because this subject has 
never been handled scientifically. Most our observations are gen- 
eral, are made under different conditions, and nearly all the avail- 
able data have been compiled men who were biased prejudiced 
personal interest one another party the competition. 
Comparisons determine the relative efficiencies different paints 
should made absolutely disinterested commission, and under 
sufficiently varied conditions establish superiority one another 
the points now dispute; such points, for instance, whether 
the pigment the oil the more important element the durability 
and efficiency paint; what substances make good pigments and 
what substances are absolutely without merit pigments; what the 
comparative effect would deleterious chemical fumes the pig- 
ments different paints; whether given paint less efficient when 
put with spray than when rubbed with brush, etc., etc. The 
report such commission need not favor any one paint exclusively, 
but should define thoroughly the principles which the composi- 
tion good paint based, and could divide all who entered the 
competition into classes groups graded according relative merit 
certain important features the examination. 

The writer believes that several the manufacturers paint 
would not only enter their products for comparative examination and 
exhaustive tests, but also would glad share the necessary ex- 
pense such work, provided they were assured the absolute fair- 
ness and impartiality the tribunal and its ability handle the 
subject spirit practical and scientific research. Special 
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Mr. Crehore. Committee appointed this Society ought carry the weight neces- 
sary make its results great value, and induce those manufac- 
turers who have any confidence their products enter the race 
voluntarily. Most engineers are great need some authoritative 
information this subject, aside from the variety conflicting data 
and theories gratuitously furnished paint manufacturers, and can- 
not afford either the time expense investigate individually. 
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MEMOIRS DECEASED MEMBERS. 


will the Volumes Transactions. Any informa- 
tion which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final publication. 


ROBERT BLUM OLNEY,* Assoc. Am. Soe. 
1903. 


Robert Blum Olney was born September 20th, 1870, Charles- 
ton, South Carolina. was the son Clarence and Louisa 
Olney, Charleston. 

From January August, 1888, was employed the office 
the Chief Engineer for the Savannah, Florida and Western Railroad 
System), and from September, 1888, June, 1892, attended 
Lehigh University, from which was graduated Civil Engineer 
June, 1892. college was painstaking, and always reliable 
and trustworthy his work, and his scholarship was excellent. Pro- 
fessor Merriman states: His thesis was entitled, ‘Plans and Specifi- 
cations for Locomotive Round find the drawings made 
with great neatness and the subject well treated throughout.” 

After graduation was engaged the Ohio Extension the 
Norfolk and Western Railroad, work varying from reconnaissance 
final estimate, locating, re-tracing and revising lines, construction 
and track laying. 1893 was employed making surveys the 
Powhattan mines the Pocahontas coal field. From January, 1894, 
January, 1898, held the position Assistant City Engineer 
Charleston, South Carolina. His work consisted general munici- 
pal engineering and public improvements, pavements, drainage, etc., 
and the reconstruction the sea wall the Battery. was also 
Principal Assistant Engineer the construction the separate 
system sewers—the sewage being lifted Shone ejectors. From 
May, 1895, May 1901, was Engineer and Superintendent 
charge the sewers, power-house and other details connected with 
the sewer plant. 

June, 1901, leave the Mayor Charleston, the request 
The American Pipe Manufacturing Company, resigned his posi- 
tion charge the Charleston sewerage works and accepted posi- 
tion with the latter company. that capacity, made topographic 
and hydrographic surveys for the location projected new water 
supply Goose Creek Charleston, South Carolina. During the 
summer was engaged the plans for the new Charleston Water- 
Works, and the fall 1901 topographic sur- 
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veys Westchester County, New York, connected with water-works 
systems controlled The American Pipe Manufacturing Company. 
the spring 1902 was placed charge construction the 
separate system sewerage and the disposal plant for Burlington, 
New Jersey, the contractors being The National Gas and Construction 
Company, allied the American Pipe Manufacturing Company, the 
sub-contractor being George Pfeiffer, Jr., Camden, New Jersey. 
After the completion this work was placed charge the 
construction Charleston’s new water supply from Goose Creek, but, 
account his failing health, remained there but short time. 
then left for the Southwest, intending locate favorable climate 
New Mexico Arizona, but stopped San Antonio, Texas, where 
died March 4th, 1903. stated that was walking the 
streets, apparently fair health, the day his death. His 
remains were brought from San Antonio Charleston, South Caro- 
lina, his home, and placed the family plot the beautiful Magnolia 
Cemetery. 
Mr. Olney was especially capable his professional work. 
was man high integrity, and had the respect all who knew 
him. The first intimation his failing health occurred the winter 
1901-1902 when New York physician, whom consulted refer- 
ence some slight ailment, told him that had symptoms 
tuberculosis. This appeared prey his mind, although, even 
the last, his health gave evidence breaking down. 
Mr. was elected Junior the American Society Civil 
Engineers January 3d, 1895; and Associate Member Sep- 
tember 5th, 1900. 


WATSON WELLMAN RICH,* Am. Soe. 


1903. 


Watson Wellman Rich was born Dayton, New York, March 
9th, 1841. 
During the past generation was the best known civil engineer 
the Northwest. spent the major portion his professional 
the country between the Great Lakes and the Dakota Plains, which 
the twin cities St. Pauland Minneapolis form the commercial center. 
was prominent during the three most teeming decades the mar- 
velous growth and development this Northwest, through his con- 
nection with three its railroads. had direct and responsible 
charge the construction some two thousand miles railroad over 
that portion our country. 


Memoir prepared Samuel Fisher, Esq. 
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Going the northwest portion Wisconsin shortly after the Civil 
War, from which was discharged Captain Volunteers (having 
refused the command colored regiment because deemed in- 
consistent with the high sense honor held choice army circles 
enter that branch the service), with previous liberal education, after 
having spent about two years the service various railroads and 
the United States Engineer Department Assistant Engineer, 
became identified with the Wisconsin Central Railroad July, 1870. 
During the next eight years was busily engaged constructing 
and operating this railroad, through the then almost unbroken forests, 
over the deep ravines and steep slopes that difficult country, the 
south water-shed Lake Superior, and often half conflict with its 
then rough inhabitants. 

From 1879 1883 was Chief Engineer the Minneapolis and 
St. Louis Railway, building five six hundred miles road Min- 
nesota and 

All his life was consulted about, and frequently examined and 
reported on, enterprises. this respect occupied the highest 
position the Northwest. 

From 1883 1890 was building the principal monument his 
the construction the Soo Line, extending from Minneapolis 
eastward, entirely across the timbered States Wisconsin and Michi- 
gan Sault Ste. Marie, and westward almost far the Dakota 
Plains. After building the Soo Line his health was not very good, for 
couple years, although did considerable amount miscella- 
neous work. 1892 resumed construction the Soo Line, putting 
through its Northwest extension the International Boundary. 

Mr. Rich was most expert and proficient the use wood 
structures, especially bridges. His designs and plans for Howe 
trusses were perhaps the best that have ever been used. 

1897, ripe age, rich engineering experience, strong char- 
acter, went China. went first with ex-Senator Washburn 
examine the route the proposed Hankow Railroad for the Brice 
syndicate. Arriving China, the Government would not even let 
him look it. After some time, however, the Government called for 
him and delegated him examine the line, not for the syndicate, but 
for the Government. this trip was accompanied about 
regiment men, proclamations were sent advance, calls were made 
the Viceroys, etc. There was great difficulty infusing into the 
lethargic heels this superfluous multitude acceleration move- 
ment proportional reconnoissance six hundred miles line 
within specified time. the progress this reconnoissance 
gave the leader and officer charge these auxiliary forces very 
practical object lesson, shown the following incident related 
himself: Proclamations had been sent ahead hold feast certain 
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important town, which would have required going into camp about 
Mr. Rich, deeming this incompatible with finishing the recon- 
noissance within the time agreed with the Government,pushed 
with his work, going into camp miles advance. the con- 
voy had orders let harm befall him, they feared the conse- 
quences disobedience, and came straggling into camp all hours 
during the night. There was further serious difficulty about 
delays, and this reconnoissance six hundred miles, the route 
which will all probability the principal trunk line China, was 
completed time. After having his report translated into Chinese 
returned America, only back again few months Con- 
sulting Engineer for the Chinese Government, his field being the south- 
ern part the great Chinese Empire. soon buckled into work, and 
was engaged building coal road thousand miles the interior, 
with the use Chinese labor and facilities, among which was making 
embankments with material carried baskets the backs natives, 
when the Boxer uprising stopped the work. 

Actual operations began again soon after the Boxers were sup- 
pressed, Mr. Rich’s engineers being among the first return 
work. Although did not again the far interior, because His 
Excellency Sheng required his presence and services Shanghai, the 
interior coal road nearing completion, having been continued 
charge McCalla, immediately under Mr. Rich’s directions. 

Since July, 1902, Mr. Rich was moving spirit that American 
enterprise, the Hankow-Canton Railway. December, 1902, was 
appointed Chief Engineer Construction, that company. En- 
grossed these large affairs, spent his vital energies the midst 
the novel connected with it, and although sustained 
the last his strong will, died January 13th, 1903, Shanghai, 
which was then his home. 

During his intercourse with the ruling and merchant classes the 
Chinese formed very great admiration for the integrity and other 
sterling qualities shown their character, well distrust the 


tricky Japanese. marked degree, the Chinese gentlemen who 


knew him confided him and expressed profound sorrow his 
leaving this sphere existence. Had lived and remained the 
Orient would have been strong force remoulding, least 
modifying, the Chinese character, and conforming its enterprises, 
great extent that would have been possible, lines mod- 
ern thought and action. 

was most masterful man. His backbone—as himself 
expressed one day—came into his His friends all know 
that his heart was bigger than his backbone. was every inch 
gentleman. Like all strong characters, was forceful his dislikes 
and his few his friendships. With his ever 
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welling-up sense humor and his genial disposition, was the most 
delightful companions. 

Connected all his life with projects for the development the 
country, which large fortunes were made, never tried reap 
personal enrichment from them, but devoted all his time and energy 
the interests his employers. died man small financial 
means, but rich good will toward his fellows. was never known 
envious, but always expressed the most unfeigned satisfaction 
the success his friends. His assistants and subordinates who were 
brought into close contact with his personality imbibed and ever 
after maintained feelings trust and ioyalty toward him. His good 
All over the country are 
men, formerly associated with him, who bear their hearts the salt 
good intentions, infused into them from his ingenuous nature. 
Dominating all his other qualities, was regal and ever-present sense 
honor. 

was first well-rounded man, possession all faculties, 
and afterward civil engineer. might have followed almost any 
other avocation successfully had devoted his capacity it. While 
his work America was, sense, completed, his departure leaves 
void the circles his friends and engineering associates which 
can never filled. may truthfully said him, was said 
one old: not that there isa prince and great man 
fallen this day 


Mr. Rich was elected Member the American Society Civil 
Engineers September 5th, 1883. 
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MINUTES MEETINGS. 


THE SOCIETY. 


June 3d, 1903.—The meeting was called order 8.45 m., 
President Noble the chair; Chas. Warren Hunt, Secretary; and pres- 
ent, also, members and guests. 

The minutes the meetings May 6th and 20th, 1903, were ap- 
proved printed Proceedings for May, 1903. 

paper entitled New Safety Explosive,” Richard Dana, 
Assoc. Am. Soc. E., was presented the author. The subject 
was discussed McL. Parker, Am. Soc. E., and the author. 

John Jackson, Assoc. Am. Soc. E., described informally 
the construction some steel-faced dams recently built the West. 
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Ballots for membership were canvassed, and the following candi- 
dates elected: 


MEMBERS. 


Frank ALFRED, Detroit, Mich. 

Bois Brown, New York City. 

Bryan, New York City. 

GEORGE CLARKE, Pittsburg, Pa. 

Kansas City, Mo. 

San Francisco, Cal. 

Frank Knoxville, Tenn. 

List, San Francisco, Cal. 

WILFRED GILLETTE Guantanamo, Cuba. 
Furser Newton Center, Mass. 
Henry Jr., New York City. 

Putnam, Manila, Philippine Islands. 
Rosert New York City. 

JESSE SuPPLEE, Erie, Pa. 

Fresno, Cal. 


MEMBERS. 


Dorsey Salt Lake City, Utah. 

San Francisco, Cal. 

DoERFLING, San Francisco, Cal. 
Forp, Philadelphia, Pa. 
Newton GREEN, New York City. 

Loren Berkeley, Cal. 

Law, Bridgeport, Conn. 

STEVENS LEAVENWORTH, Va. 
Joun Brown Jr., Talladega, Ala. 
Kerr Tuscaloosa, Ala. 

Joun Grant Louisville, Ky. 
McCoy, Lowsville, Va. 
Prentice Moss, New Westminster, C., Canada. 

CHARLES STEHLE, Wissahickon, Pa. 
Corwin Strawn, Hoboken, 
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Rosert Swan Sumner, Alamogordo, Mex. 
New York City. 
New York City. 
Watson, Wheeling, Va. 


The Secretary the election the following candidates 
the Board Direction June 2d, 1903: 


ASSOCIATE. 


JoHN Baltimore, Md. 


JUNIORS. 


Max Shawnee, Okla. 
FREDERICK Mobile, Ala. 


The Secretary announced the following deaths: 


BENJAMIN elected Fellow June 1st, 1870; died May 
19th, 1903. 


Henry Grant elected Member April 7th, 1880; died June 
2d, 1903. 


Adjourned. 
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THIRTY-FIFTH ANNUAL CONVENTION, HELD ASHEVILLE, 
C., JUNE 9th, 11th and 12th, 1903. 


Opening Session, Tuesday, June 9th, 1903.—The meeting was called 
the Local Committee. 

The Chairman introduced General Theodore Davidson, who, 
brief speech, welcomed the Society Asheville and the State 
North 

The President, Alfred Noble, Am. Soc. E., after replying 
the address welcome, took the chair and opened the business 
meeting. 

BUSINESS MEETING. 


President Alfred Noble the chair; Chas. Warren Hunt, Secre- 
tary. 

The Secretary stated that, had been practically understood 
previous business meetings that the Annual Convention 1904 should 
held St. Louis during the Louisiana Purchase Exposition, the 
customary ballot, asking members state their preferences 
the place holding the Convention, had not been sent out. 

reference holding the next Convention St. Louis, the 
Secretary read letters invitation from Messrs. Francis, Presi- 
dent, Louisiana Purchase Exposition; Walbridge, President, 
Business Men’s League; Rolla Wells, Mayor St. Louis; and 
Ockerson, Am. Soc. E.+ 

motion, duly seconded, the matter was referred the Board 
Direction with power. 

The Secretary read the proposed amendment the 

was moved Croes, Past-President, Am. Soc. E., 
that third clause added Section Article ITI, follows: 


All members other than Honorary Members and Juniors shall 
admitted the Society only vote the Corporate Members 
hereinafter specified.” 

The motion, being duly seconded, was carried. 


Mr. Croes moved that the second paragraph Section Article 

Board shall have the power elect persons the grade 
Junior, and transfer persons from any grade except that Junior 
higher grade membership, and shall notify the membership 
its action.” 

The motion, being duly seconded, was carried. 

The Secretary presented communication from James Burden,? 
Assoc. Am. Soc. E., relative the age which Juniors shall 

See page 206. 

For copies these letters see pages 210-211. 


tSee page 211. 
See page 217. 
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cease connected with the Society; and, Mr. Burden’s request, 
offered amendment that the age changed from thirty thirty- 
five years, which was seconded. 

further amendment, Henry Seaman moved that the age 
fixed thirty-two, which amendment was accepted the Secretary, 
acting for Mr. Burden. 

After discussion, the motion, being put, was carried. 

The Secretary presented letter from Samuel Whinery,* Am. 
E., relating the proposed amendment the Constitution, 
and was moved and seconded that the following paragraph placed 
the end Section Article ITT: 


rejected applicant may renew his application for membership 
any time after the expiration one year from the date the ballot re- 
jecting his previous application.” 

After discussion, the motion, being put, was carried. The Presi- 
dent then announced that the proposed amendment amended would 
sent out for letter-ballot accordance with the Constitution. 

The proposed amendment, amended, follows: 

Amend the Constitution striking out Sections and 
Article and the whole Article and substituting therefor the 
following: 

ARTICLE 


* * * * * * * * 


6.—A Junior shall not less than eighteen years age, and 
his connection with the Society shall cease when becomes thirty- 
two years age, unless previously transferred another 
grade. shall have had active practice some branch engi- 
neering for least two years, shall have graduated from 
school engineering recognized standing. Persons who are 
the Junior class the time the adoption this Constitu- 
tion shall not have their status changed the provisions this 
section. 

7.—Honorary Members shall chosen only from persons 
acknowledged eminence some branch engineering the 
sciences related thereto. There shall not more than twenty 
any one time. 

8.—Fellows shall contributors the permanent funds 
the Society, though they may not eligible for admission 
Corporate Members. 


ARTICLE anp 


1.—Honorary Members shall proposed least ten mem- 
bers, and shall elected only unanimous vote the Board 


See page 219. 
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proposed for Honorary Membership, shall not re- 
quired vote either for against his own admission. 

person elected Honorary Member shall promptly 
notified thereof letter. The election shall cancelled 
acceptance not received within six months after the mailing 
such notice. 

All members other than Honorary Members and Juniors shall 
admitted the Society only vote the Corporate Members, 
hereinafter specified. 

2.—An application for admission the Society for transfer 
from one grade another shall embody concise statement, with 
dates, the candidate’s professional training and experience; and 
shall form and such detail may prescribed the 
Board Direction. shall signed the applicant, and shall 
contain promise conform the requirements membership, 
elected. The applicant shall furnish the names least five 
Corporate Members whom personally known. Each 
these shall requested the Secretary address letter the 
Board Direction, form prescribed said Board, stating 
the extent the writer’s personal knowledge the applicant and 
his professional work. least five the Corporate Members 
named references not furnish the requisite endorsement, the 
Secretary shall call upon the applicant for additional names, and 
not until written communications shall have been received from 
least five Corporate Members shall the application consid- 
ered the Board. 

Applications engineers not resident North America, and 
who may situated not personally known five 
Corporate Members, may recommended for ballot five 
members the Board Direction, after having secured evidence 
sufficient, their opinion, show that the applicant worthy 
admission. 

3.—At stated periods, determined the Board Direc- 
tion, there shall issued each member any grade whose 
address known, list all new applications received for ad- 
mission for transfer, which list shall dated and shall contain 
concise statement the record each applicant and the names 
his references, with request that members transmit the 
Board any information their possession which may affect the 
disposition the applications. Not less than twenty days after 
the issue such list, the Board Direction shall consider these 
applications, together with any information regard the ap- 
plicants that may have been received; may make further inquiries, 
deemed expedient; shall classify the applicant with his consent, 
and application for admission may direct ballot. 
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The Board shall have the power elect persons the grade 
Junior, and transfer persons from any grade except that 
Junior higher grade membership, and shall notify the 
membership its action. 

4.—The ballots shall ietter-ballots, form pre- 
scribed the Board Direction. They shall mailed each 
Corporate Member whose address known, and shall state the 
date which the ballot canvassed, which shall not 
less than twenty days after the issue the ballot. Twenty 
more negative votes shall exclude from election. case ex- 
clusion, notice thereof shall entered the minutes, but the 
candidate shall notified. 

rejected applicant may renew his application for membership 
any time after the expiration one year from the date the 
ballot rejecting his previous application. 

elected candidates shall duly notified and shall sub- 
the Constitution and Rules the Society. Forms for 
these purposes shall prescribed the Board Direction. 
these provisions are not complied with within six months from 
the notification election, such election shall considered void, 
unless for special reason the time shall extended the Board 
Direction. 


Membership any person shall date from the day his 
election. 

6.—Upon the written request ten more Corporate Mem- 
bers, that for cause therein set forth person belonging the 
Society expelled, the Board Direction shall consider the 
matter, and there appears reason, shall advise 
the accused the charges against him. may, desires, 
present written defence which shall considered meeting 
the Board Direction, which shall receive due notice. 
Not less than two months after such meeting, the Board Direc- 
tion shall finally consider the case, and resignation has not been 
tendered, defence made which satisfactory the Board, 
shall then notify the person that will expelled one month, 
unless elects appeal from this decision. Appeals will 
submitted the Corporate Members letter-ballot form 
prescribed the Board Direction. The ballot shall ac- 
companied statement the charges, and the action the 
Board thereon, with such information deems proper, and 
also the statement the person making the appeal. The 
ballot shall canvassed the Board not less than twenty 
days after its issue. majority the ballots cast will re- 
quired sustain the action the Board. The Board will notify 
the person and the Corporate Members the result the ballot. 
case appeal made, the Board Direction will expel 
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the person, and notify him and the Corporate Members its 
action. 

7.—A member any grade the Society may resign his 
membership written communication the Secretary, who 
shall present the same the Board Direction; when, all his 
dues have been paid, his resignation accepted. 

8.—All persons elected and duly qualified, whose address 
the records the Society within fifty miles the Post Office 
the City New York, shall deemed Resident; and those whose 
address beyond that limit shall deemed Non-Resident. 

The classification each person for the fiscal year Resi- 
dent Non-Resident, shall determined the Records the 
Society they may appear January Ist that year. 


The Secretary presented brief outline the inception and history 
the proposed co-operation the Society with other National So- 
cieties and the Engineers’ Club New York the erection En- 
gineering Building; and also read the resolutions framed the Board 
Direction for presentation the Society the Convention.* 

Catt, Am. Soc. E., moved the res- 
olutions. The motion was seconded. The subject was then dis- 
cussed. 


BUSINESS MEETING—( 


The meeting was called order 9.45 m., President Alfred 
Noble the chair; Chas. Warren Hunt, Secretary. 

The discussion proposed Joint Engineering Building was re- 
sumed. 

The following motion, offered Haines, Am. Soc. E., 
was seconded Charles Hansel, Am. Soc. 

the sense this meeting that the letter-ballot called for 
the resolutions should presented the Society with the usual sixty 
days’ notice and opportunity for discussion business meeting.” 

After discussion, George Davison, Am. Soc. E., moved 
amendment thatthe words the next Annual Meeting substi- 
tuted for the words business meeting.” 

This amendment, being duly seconded, was carried. 

Harrod, Past-President, Am. Soc. E., moved that the res- 
olutions offered the Board Direction amended follows: Add 
the third resolution the following: 


And also make such investigations and hold such conferences 
may bear upon the advisability the acceptance Mr. Carnegie’s 
proposition this Society.” 


See page 226. 
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Also insert, the fifth resolution, after the words obtained,”’ 
the following words, ‘‘and that the acceptance the proposition 
otherwise practicable.” 


The motion, being duly seconded, was carried. 

The resolutions amended and adopted are follows: 

Whereas, The resolutions submitted the Joint Conference 
Committee the matter the Proposed Union Engineering Build- 
ing are not suitable form, the opinion the Board Direc- 
tion the American Society Civil Engineers, submitted 
the 

Resolved, That the sense this Board that the proposition, 
when submitted the Society, should make definite provision for the 
accommodations necessary for the present and future needs the sev- 
eral organizations, and that the proportion the total expense 
borne each the organizations concerned should definitely 
stated, and further 

Resolved, That the Board Direction recommends, the Busi- 
ness Meeting held the Annual Convention, the adoption the 
following resolutions: 

Resolved, That the Board Direction authorized ascertain 
whether suitable accommodations can obtained for the Society 
the proposed new building, with provisions for future needs, and also 
make such investigations and hold such conferences may bear 

-upon the advisability the acceptance Mr. Carnegie’s proposition 
this Society. 

Resolved, That the Board Direction authorized co-operate 
this end with the other organizations concerned. 

Resolved, That the Board Direction requested, provided 
satisfied that suitable can obtained, and that the 
acceptance the proposition otherwise practicable, send the 
members the Society letter-ballot means which direct ex- 
pression the wishes the Society the matter may secured, 
and accompany such ballot statement reasons for and against 
uniting the scheme with the other organizations. 

Resolved, That the Board Direction, case majority the 
members, shown letter-ballot, are favor uniting with the 
other organizations, authorized proceed behalf the Society 
carrying out the 

The following resolution was then offered Mr. Hansel: 

Resolved, That the American Society Civil Engineers acknowl- 
edge the offer from Mr. Carnegie, and thank him sincerely for the 
opportunity, and advise him the same time the action to-day, and 
that the object this delay determine and consider every feature 
the situation carefully before deciding the matter.” 

The motion, being duly seconded, was carried. 

After certain announcements relative the programme had been 
made, the Business Meeting adjourned. 


Second Session, Tuesday, June oth, 1903, M.—The meeting 
was called order President Alfred Noble the Chair; 
Chas. Warren Hunt, Secretary. 

The President delivered the Annual Address. 
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Third Session, Wednesday, June 1oth, 1903.—At the close the 
Business Meeting the discussion Engineering Topics was taken up. 
the first topic, Timber Tests,” was opened 
Assoc. Am. E., behalf the United States Bureau 
Forestry. Written discussions Messrs. Gaetano Lanza and 
von Schrenk were not read, owing the lateness the hour. The 
topic was further discussed the following: 
The meeting then took the discussion the second topic, 
follows: 


Sewage 


The subject was opened written discussion from 
Am. Soc. E., presented the Secretary. 


Adjourned. 


Fourth Session, Thursday, June 1903.—The meeting was 
called order 9.20 President Alfred Noble the chair; Chas. 
Warren Hunt, Secretary. 

The President introduced the Hon. Charles Aycock, Governor 
North Carolina, who spoke follows: 

Ladies and Gentlemen: The suggestion your President, that 
address you this morning, takes surprise. not going 
that. wish had been good fortune that had fitting 
have had the opportunity expressing you, behalf 
North Carolina, our appreciation your coming among us. The 
good fortune doing that rested with good friend, General David- 
son. What has once done better, and will not 
attempt, again, put into fitting phrase the cordial welcome which 
all North Carolina extends you. are glad have you with 
us. take honor that this learned Society should meet 
our midst, and know that will find profit your delibera- 
tions. 

Now, not know anything about the work which you all do. 
There are some things, however, which has been observation 
that you have not yet accomplished, and which hope you 
will give your attention. all your studies hope that you will 


view that great body among whom small particle, the 


consumers, and that you will able the future unravel the 
mystery which controls the gas, water and electric meters, and 
commend, Mr. President, your most careful consideration, the 
study the operation water meter which continues running 
long after the water has been shut off. believe the old song 
tells that the wheel not driven the water that has passed, 
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but that the water that see the outside; continues run 
the inside (laughter). And when you have accomplished that 
purpose, why, shall owe you debt gratitude that can never 
repay. 

But your deliberations are value. They are value all the 
world. You have been great service this country have the 
representatives your great association our State. There 
man whom esteem more than your representative, Mr. Ludlow, 
who has been instrumental bringing you here, and he, sure, 
has added your comfort aud pleasure. Again, wish express 


you appreciation your coming among us, express the hope. 


that you will stay long time, and assure you that the longer you 
stay, the better shall like you. 

The Governor this State clothed with ample power pardon 
you for any offense that you may want commit. (Laughter and ap- 
plause.) has not been the custom North Carolina governors 
issue pardons advance, but, looking into your faces, promise you 
now pardon you for any offense which any one you may commit 
while within our borders; with one single exception, however, and 
that is, you should leave regarding Asheville the 
finest place the universe, without regarding North Carolina the 
best State the Union, without wanting come back and stay with 
and with again that cannot pardon you; (applause) 
for this beautiful section, and when you have seen Asheville, any 
Ashevillian will tell you that you have seen North Carolina, but North 
Carolina extends one hundred miles the west here and five 
hundred miles the east. you were swing this good State 
ours Murphy asa pivot— lies one hundred and twenty miles 
west here—Chocowinity, our eastern coast, would rest the 
spot that Chicago now tries fill. (Laughter and applause. 

This State that are very proud of, and want know 
more about it. are proud her history, and would you regard 
offensive reminded you just for moment some the 
history which are proud? 

This State ours was the first colony that was settled. The 
colonization was not success, but were colonized first under 
the auspices that great and good man, Sir Walter Raleigh, and 
have named the capital our State for him, not for his great achieve- 
ments, understand, not for his wonderful learning, not for his states- 
manship, not for his seamanship, but have named the capital 
this State his honor for one simple little act, for read history 
that that great man, when saw his queen about wet her feet, 
dropped the rich cloak from his shoulders order that she might 
walk dryshod across; (applause) and memory that deed, 
the love the woman, that have named our capital after him. 
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was this good State ours that had the first Tea Party that was 
held the Colonies. The Tea Party Boston has been celebrated 
song, history, romance, but the North Carolina Tea Party 
Edenton, when the North Carolina Colonial Dames resolved that they 
would drink more tea long the hated tax remained it, 
known few outside the borders this State. And had another 
Tea Party down Cape Fear, three four hundred miles from here, 
Tea Party which the men old Cape Fear, the broad open 
daylight, the presence the Royal Governor, took the stamp clerk 
and swore him that would bring more stamps into the Colony 
North Carolina forever. 

was this State ours that the first victory was won behalf 
America—the battle Moore’s Creek, Pender County. was 
this State ours that the first Declaration Independence was 
ever written; the Mecklenburg Declaration Independence the 
20th May, 1775. that are glad welcome you this historic 
place. 

Along the lines industrial activity, along the lines commerce, 
along business lines, have not kept pace with other States, but 
have caught the step, and the future this State shall furnish oppor- 
tunities men your profession, and your profession will make 
successful many the departments life. 

Again greet you and thank you forthe opportunity looking 
into your faces and gathering further and renewed hope for North 
Carolina the work which (Applause.) 

the conclusion the address, Harrod, Past-President, 
Am. E., opened the discussion the third topic: 

the Treatment the Mississippi River, the Levee Theory 
Justified Experience?” 

The Secretary read communication the subject from 
Ockerson, Am. Soc. E., and Samuel Tobias Wagner, Am. 
E., presented briefly the views Lewis Haupt, Am. Soc. 

Owing lack time the written discussion Brown, 
Am. Soc. E., was not read. 

The meeting then took the discussion the topic: 

Water? Ifso, what the best 

The subject was discussed the following: 
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The Secretary read communication the subject from Mr. 
Edward Cunningham. 

sense this meeting that Special Committee appointed take 
the question concrete and steel-concrete, and that such committee 
co-operate with the Association for Testing Materials, and the Railway 
Engineers’ Maintenance Way Association, which also have commit- 
tee this subject. 

The motion, being duly seconded, was carried. 

The next topic discussed was: 

View the Increasing weights Rolling Stock, for what 
loadings should Railroad Bridges designed?” 

The discussion was opened communication from Hodge, 


Am. Soc. E., read the Secretary; and was added the 
following: 


was moved George Catt, Am. E., and seconded 
draft series resolutions thanks the several parties who have 
kindly entertained the Society Asheville. 

The motion was carried, and the President appointed Messrs. 
George Catt, Haines and Green. 


Adjourned. 


The following resolutions were prepared the Committee and 
have been transmitted accordance with the action the Conven- 
tion: 


Whereas, The Thirty-fifth Annual Convention the American 
Society Civil Engineers, Asheville. C., June 9th-12th, 1903, will 
long remembered those who were fortunate enough present, 
most delightful social occasion. 


Resolved, That the thanks the Society are hereby heartily 
tendered the Local Committee Arrangements, and particularly 
its Chairman, Ludlow, Am. Soc. E., for the careful 
preparation, carrying out, the attractive 

Resolved, That the thanks the American Society Civil Engi- 
neers are hereby cordially tendered the Swannanoa Country Club, 
for courteously placing its interesting Golf Links the disposal 
the members and guests the during the Thirty-fifth Annual 
Convention the Society, June 1903, and for hospitably 
throwing open its Club House all who attended the Convention.” 

Resolved, That the thanks the American Society Civil Engi- 
neers are hereby cordially tendered the Asheville Club for courtesies 
extended its members during the Thirty-fifth Annual Convention 
the Society, June 
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Resolved, That the thanks the American Society Civil Engi- 
neers are hereby heartily tendered Randolph, Esq., Secre- 
tary, Asheville Board Trade, for his energetic efforts add the 
pleasure and comfort all who attended the Convention, which were 
entirely successful, and very much appreciated.” 

That the thanks the American Society Civil Engi- 
neers are hereby tendered the Asheville Electric Company for many 
courtesies extended its members and guests the occasion its 
Thirty-fifth Annual Convention, June 9th-12th, 

Resolved, That the thanks the American Society Civil Engi- 
neers, and particularly those who were fortunate present 
the occasion referred to, are hereby tendered Richard How- 
land, Esq., for the courtesy his invitation visit Overlook Park 
Sunset Mountain, June 11th, 1903, well for the hospitable 
‘Barbecue’ which added much the pleasure and comfort that 
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THE BOARD DIRECTION. 
(Abstract. 


June 2d, 1903.—8.40 m.—President Noble the Chair; Chas. 
Warren Hunt, Secretary; and present, also, Messrs. Briggs, Craven, 
Croes, Knap, Kuichling, Meade, Pegram, Schneider, Swain and 
Wilgus. 

The thanks the Board Direction the Society were voted 
Charles Paine, Past-President, Am. Soc. E., for the presentation, 
accordance with the request the Board Direction, oil 
painting himself. 

report was received from the Committee appointed attend the 
meetings Joint Conference Committee from other societies, and 
the Engineers’ Club, presenting certain resolutions for the considera- 
tion the Society.* 

Resolutions for presentation the Business Meeting the Annual 
Convention were adopted 

Applications were considered and other routine business trans- 
acted. 


One candidate for admission Associate, and five Juniors were 


Adjourned. 


June oth, 1903.—The meeting the Board, required the 
Constitution, was called 9.30 

There were present Messrs. Noble, McDonald, Osborn, Pegram, 
Schneider and Hunt. 

Inasmuch quorum the Board meetings convened 
Annual Conventions nine, quorum being present, the meeting 
adjourned. 


See page 224. 
+See page 226. 
tSee page 193. 
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REPORT FULL THE FIRST SESSION THE THIRTY- 
FIFTH ANNUAL CONVENTION, INCLUDING THE BUSINESS 
MEETING, HELD THE BATTERY PARK HOTEL, 
ASHEVILLE, 


Tuesday, June oth, 1903. 

Am. E., Chairman the Local Committee. 

Chairman the Local Committee Arrangements, have been 
allotted the privilege and pleasure opening this, the Thirty-fifth 
Annual Convention the American Society Civil Engineers the 
State North Carolina. privilege, one that appreciate 
highly; pleasure, one, the appreciation which impos- 
sible for express. Not only words would fail me, but all the 
theorems, the formulas, the figures, ever thought of, conceived used 
the minds those devoted the art and science engineering 
would not able express you the pleasure that feel the 
honor which thus conferred upon me. (Applause.) 

North Carolina, the hospitality which ancient as—well, 
say the Pyramids Egypt—as unbounded the atmosphere and the 
skies above us, adopted son, would gladly address you, but 
that not privilege this time speak. may, however, 
express one thought prove assertion the limitless hospitality 
North Carolina reminding you, that when Fate decreed the most 
suitable birthplace for the first white child America—the place that 
should honored all the American continent—Roanoke Island, 
North Carolina, where even the Indians were found hospitable 
and kind, was the birthplace Virginia Dare. 

have the honor presenting you one whose oratory and 
brilliant attainments are well known; gentleman native and the 
manner born, typical North Carolinian who has been highly honored 
his State, and returns full measure honor her; one who ex- 
emplifies lofty type manhood full harmony with the summits 
Nature which surround this beautiful mountain region, that 
fittingly called the the Sky.” will speak youa 
hearty welcome the State North Carolina and the City 
Asheville. have the honor present General Theodore David- 
son. (Applause.) 

Gen. President, Ladies and 
men: Should any you have come here expecting hear oratorical 
display from me, should any you have been encouraged 
expectation, not very well formed beforehand, what friend, Mr. 
Ludlow, has said, sure that you will meet with very serious dis- 
appointment. 

has been Asheville’s good fortune receive and entertain, Mr. 
President, many distinguished men, associations and societies, repre- 
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senting almost every phase the intellectual, the moral, the political, 
the scientific and industrial life and progress this most marvelous 
age. think can say you this afternoon truthfully, Mr. President, 
that occasion has been more fruitful pleasant anticipations, 
event has excited greater interest, with very large portion this 
community, than the convention Asheville the American Society 
Civil Engineers. 

recognize and appreciate the high privilege having with 
one the most learned and famous scientific societies the world; 
perhaps, Iam told, and have doubt true, there but one 
other organization, purely scientific, the world, which compares 
with importance and achievement; society whose membership 
represents, not only the Western Hemisphere, but which has its repre- 
sentatives wherever Christendom prevails; whose influence encircles 
the whole globe, whose genius and achievements are visible every 
land and upon every sea. 

the peculiar fortune, Mr. President, your profession—the 
exceptional distinction the science engineering its broadest 
sense—that every period, every stage the progress man- 
kind, from savage conditions civilization, has been the most 
potent factor and agent; and what especially fortunate for you 
that has been able perpetuate its history and its influence the 
creations its genius, great and enduring that they are uni- 
versally recognized the mile-stones history. the literature, 
the political policy, the social and intellectual organizations the 
ancient civilizations are either entirely lost veiled the 
dust centuries fabulous, the engineer the time 
Pharaohs gave the Pyramids, and has come pass here to-day 
that our debt the Pyramids very much greater than scientific, for 
they are admirable for the purpose reference occasions this 
sort. (Applause.) The enduring evidence skillin the science 
construction, remains the cities Asia, the wonder- 
ful irrigating systems China—even the semi-civilized Peruvians 
—the construction artificial ports for the advancement and protec- 
tion commerce Ostia and Alexandria, Carthage, 
and all along the shores and the islands the Mediterranean—the 
wonderful examples the science fortification Syracuse, 
ascribed, believe, Archimedes; the highways and aqueducts im- 
mortal Rome; the unapproachable beauty and glory St. Peter’s 
dome and Florence’s Campanile, are the enduring illustrations and 
records your profession the past. 

has been said, believe, that far had your predecessors 
pushed the development your science the close the eighteenth 
century that the opportunities for its further advancement and 
éxploitation had reached conclusion, and there were fresh 
fields explore opportunities for new applications principles 
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engineering. However that may have been, with the discovery 
steam motive power, vast and yet only partly occu- 
pied field for the employment and advancement the science 
engineering was displayed. How quickly that opportunity was 
seized, how generously and magnificently has been utilized, how 
great have been the blessings you have been able confer upon your 
age need recital now; have but look around see them 
every direction. take step, individually collectively, 
but feel their benign influences. Most truthfully has been 
said that the mission and achievements the engineer are the sub- 
jection and control the forces Nature the uses and happiness 
mankind. 

The traveler who carried safely and comfortably for miles under 
the Alps; who istransported with equal comfort and safety through 
the air across the yawning chasm Niagara, the turbulent tides 
the Forth; the merchant who securely floats his valuable cargoes 
through the Suez Canal, the Mississippi Jetties; harbors them 
the great docks London, Liverpool, Antwerp, Bremen, Marseilles, 
New York; the mariner who now confidently navigates every 
finds every dangerous shore ever-vigilant sentinels against danger, 
well the most careful provision for his comfort and safety—all 
are either the conscious unconscious beneficiaries the thankful 
beneficiaries your professional skill. 

would impossible task for me, with unlimited time 
command, portray they should portrayed your efficient 
the various avenues our modern domestic, social and industrial 
life. You pierce the clouds and the skies with the sky-scrapers de- 
voted commerce and domestic life. you cannot fling your spans 
bridges across the Hudson you can ignore that stream tunneling 
beneath and connecting states, empires and nations without trouble 
from the intervention natural obstacles. the way hygiene, 
sanitation, municipal development and all the agencies which 
evolve and bring under subjection the natural resources, not only 
this new continent, but the old, you pioneers and will ever 
the pioneers necessarily, because the necessary incident 
the practice your profession. 

Your past, secure. Your future believe more 
brilliant, fuller the possibilities greater scientific develop- 
ment and usefulness the world. this continent, not mention 
other things, you are now assume the gigantic work the construc- 
tion isthmian canal, with all its vast and incomprehensible con- 
sequences, commerce, policiesand peoples; you are called upon 
Americans representing the American Society Civil Engineers 
take the great work reclaiming vast area our country, 
arid area, from the desert desolation, and make the valley un- 
told productivity. The possibilities the uses electricity lie just. 
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before you, without being the ken man say what shall 
the limits those possibilities. The world waits upon you; you will 
ever the forefront, are confident, the future the past, 
every movement for the advancement knowledge, the progress 
civilization and the happiness mankind. 

You will understand, therefore, Mr. President, and Ladies and 
Gentlemen, why we, the citizens North Carolina, and especially 
this little city the mountains, welcome your coming with unusual 
interest, and can only say behalf those people, and express the 
hope that the pleasure and profit derive from your coming together 
here now will, some degree, approach the feeling thankfulness 
that the citizens Asheville and the State North Carolina, 
may add, entertain for the very great honor that you have done them 
your coming together here, and, quote the language that old 
Colonel Buncombe, for whom this County was named, inscribed upon 
his mansion eastern North Carolina the colonial days, Bun- 
combe Hall, Welcome All.” (Applause.) 

accept, behalf the American Society Civil Engineers, the most 
gracious welcome which you have accorded us. have 
been raised very high the eloquence our member, Mr. Ludlow, 
sought glowing words depict the attractions this city the 
mountains. For your hearty welcome can only return our most 
fervent thanks. Weappreciate very gratefully the kind words that you 
have been pleased express regard our chosen profession, and 
may not reach the high ideals which you have placed for us, 
must never forget that must strive come near them possible. 
With the sincerest thanks, General Davidson, receive your welcome 
spirit less cordial than that which you have expressed it. 

BUSINESS MEETING. 

President Noble the chair; Charles Warren Hunt, Secretary. 

Tue Society will now come order for its regular 
business meeting. The first question before the Society the time and 
place for holding the next Annual Convention. 


Tue having been practically understood previous Convention 


business meetings that the Convention 1904 should held St. 
Louis during the Louisiana Purchase Exposition, the customary 
ballot was not sent out this year members asking their preferences 
where the Convention should held. has been customary 
the past the time and place for holding the next 
Annual Convention should take place each year the Annual Conven- 
tion. The usual course has been express the views the business 
meeting, and then refer the matter with power the Board 
Direction. 

have, that connection, Mr. President, received some letters 
regard St. Louis. 
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Secretary will read them, there objec- 
tion. 


Tue will read letter addressed the President 
the Society, dated May 15th, Mr. Francis, President: 


the President the 


American Society Civil Engineers, 


behalf the Louisiana Purchase Exposition desire extend 
the American Society Civil Engineers cordial invitation hold 
the annual meeting the Society for 1904, the City Saint Louis. 

that year will held Saint Louis the Universal Exposition 
commemoration the one hundredth anniversary the Purchase 
Louisiana Territory. The Exposition management will pre- 
pared furnish without charge satisfactory hall, for the holding 
the sessions the Society. The Committee Ceremonies will, 
desired, recognize the presence the American Society Civil Engi- 
neers setting apart special day, providing some distinctive 
feature the program. 

The Information Service, conducted without charge the Expo- 
sition management, will assist delegates obtaining satisfactory 
accommodations reasonable prices. The fair name Saint Louis 
for hospitality will not marred Assurances given the 
railroads warrant the promise very low rates transportation. 

Respectfully, 
President. 


Also letter dated May 18th, from the Business Men’s League, 
Walbridge, President: 
the President Sr. May 18, 1903. 


The American Society Civil Engineers, 

The Business Men’s League St. Louis has the honor extend 
invitation the American Society Civil Engineers hold 
its Convention St. Louis. The great Louisiana Purchase 
Exposition will then open, and the city will most attractive. 
The hotel agd hall accommodations will adequate, and railway rates 
will low. Very truly yours, 

Secretary and General Manager.” 
Also letter from the Mayor St. Louis: 
Sr. May 20, 1903. 
the Honorable President and Members 
The American Society Civil Engineers, 
Asheville, 
GENTLEMEN 

behalf the City St. Louis, take pleasure extending 
your Society cordial invitation hold your annual meeting for 
the year 1904, this city. 

truly, 


‘ 
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Also letter dated May 22d, addressed the President, the 
local members the American Society Civil Engineers, and 


Mo., May 22, 1903. 
ALFRED NOBLE, 


President, American Society Civil Engineers. 

recent meeting the local members the American Society 
Civil Engineers, also meeting the St. Louis Engineers’ Club, 
was requested extend, their behalf, most invitation 
the American Society Civil Engineers hold its Annual Convention 
1904 this city, and now take great pleasure doing so. 

addition these invitations, enclose herewith invitations 


Letter from 
Ockerson. 


from the Business Men’s League, the Mayor the City, and the Presi- 


dent the Louisiana Purchase Exposition. 

something twenty-three years since the Society met 
this city, and believed that the celebration the anniversary 
the Louisiana Purchase, Universal Exposition next year, will 
make this city particularly attractive meeting place. hoped, 
therefore, that these invitations will presented the Society the 
next Annual Convention and receive favorable consideration. 

very respectfully, 


OcKERSON, 


subject now before the Convention. 

Henry Am. Soc. E.—Mr. President, the discus- 
sion the subject hardly seems necessary, the Secretary says 
has been previously under discussion, and move that the matter 
referred the Board Direction, with power act. 

The motion was seconded and carried. 

next subject before the Convention the 
proposed Amendment the Constitution, which the Secretary will 
read. 

The Secretary presented the amendment, follows: 


Amend the Constitution striking out Sections and, 


Article II, and the whole Article and substituting therefor the 
following: 


ARTICLE 
* * * * * * * * 


6.—A Junior shall not less than eighteen years age, and 
his connection with the Society shall cease when becomes thirty 
age, unless previously transferred another grade. 

shall have had active practice some branch engineer- 
ing for least two years, shall have graduated from 
school engineering recognized standing. Persons who are 
the Junior class the time the adoption this Constitu- 


Amendment 


the Consti- 
tution. 


Ve 


Amendment 
the Constitu- 


tion 
(continued). 
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tion shall not have their status changed the provisions this 
section. 

7.—Honorary Members shall chosen only from persons 
acknowledged eminence some branch engineering the 
sciences related thereto. There shall not more than twenty 
any one time. 

8.—Fellows shall contributors the permanent funds 


the Society, though they may not eligible for admission 
Corporate Members. 


ARTICLE anp 


1.—Honorary Members shall proposed least ten 
members, and shall elected only unanimous vote the 
Board Direction. Past-President, member the Board 
Direction proposed for Honorary Membership, shall not 
required vote either for against his own admission. 

person elected Honorary Member shall promptly 
notified thereof letter. The election shall cancelled 
acceptance not received within six months after the mailing 
such notice. 

2.—An application for admission the Society for transfer 
from one grade another shall embody concise statement, with 
dates, the professional training and experience; and 
shall form and such detail may prescribed the 
Board Direction. shall signed the applicant, and shall 
contain promise conform the requirements membership, 
elected. The applicant shall furnish the names least five 
Corporate Members whom personally known. Each 
these shall requested the Secretary address letter the 
Board Direction, form prescribed said Board, stating 
the extent the writer’s personal knowledge the applicant and 
his professional work. least five the Corporate Members 
named references not furnish the requisite endorsement, the 
Secretary shall call upon the applicant for additional names, and 
not until written shall have been received from 
least tive Corporate Members shall the application con- 
sidered the Board. 

Applications engineers not resident North America, and 
who may situated not personally known five 
Corporate Members, may recommended for ballot five 
members the Board Direction, after having secured evidence 
sufficient, their opinion, show that the applicant worthy 
admission. 

3.—At stated periods, determined the Board Di- 
rection, there shall issued each member any grade whose 
address known, list applications received for ad- 
mission for transfer, which list shall dated and shall contain 
concise statement the record each applicant and the names 
his references, with request that members transmit the 
Board any information their possession which may affect the 
disposition the applications. Not less than twenty days after 
the issue such list, the Board Direction shall consider these 
applications, together with any information regard the ap- 
plicants that may have been received; may muke further inquiries, 
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deemed expedient; shall classify the applicant with his consent, 
and applications for admission may direct ballot. 

The Board shall have the power transfer persons from 
lower higher grade membership, and shall notify the mem- 
bership its action. 

4.—The ballots shall letter-ballots, form pre- 
the Board Direction. They shall mailed each 
Corporate Member whose address known, and shall state the 
date which the ballot canvassed, which shall not 
less than twenty days after the issue the ballot. Twenty 
more negative exclude from election. case ex- 
clusion, notice thereof shall entered the minutes, but the 
shall notified. 

5.—All elected candidates shall duly notified and shall sub- 
scribe the Constitution and Rules the Society. Forms for 
these purposes shall prescribed the Board ‘Direction. 
these provisions are not complied with within six months from 
the notification election, such election shall considered void, 
unless for special reason the time shall extended the Board 
Direction. 


Membership any person shall date from the day his 

6.—Upon the written request ten more Corporate Mem- 
bers, that for cause therein set forth person belonging the 
Society expelled, the Board Direction shall consider the 
matter, there appears sufficient reason, shall advise 
the accused the charges against him. may, desires, 
present written defence which shall considered meeting 
the Board Direction, which shall receive due notice. 
Not less than two months after such meeting, the Board Direc- 
tion shall finally consider the case, and resignation has not been 
tendered, defence made which satisfactory the Board, 
shall then notify the person that will expelied one month, 
elects appeal from this decision. Appeals will 
prescribed the Board Direction. The ballot shall ac- 
companied statement the charges, and the action the 
Board thereon, with such information deems proper, and also 
the statement the person making the appeal. The ballot shall 
canvassed the Board not less than twenty days after its 
the ballots cast will requifed sustain 
the action the Board. The Board will notify the person and 
the Corporate Members the result the ballot. case 
appeal made, the Board Direction will expel the person, and 
notify him and the Corporate Members its action. 

member any grade the Society may resign his 
membership written communication the Secretary, who 
shall present the same the Board Direction; when, all 
dues have been paid, his resignation accepted. 

—All persons elected and duly qualified, whose address 
the records the Society within fifty the Post Office 
the City New York, shall deemed Resident; and those 
whose address beyond that limit shall deemed Non-Resident. 

The classification each person for the fiscal year Resident 
Non-Resident, shall determined the Records the 
Society they may appear January Ist that year. 


y 
¢ 


the Constitu- 


tion 
(continued). 
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The above amendment proposed the following Corporate 
Members: 
JOHN 


Davison, 


Emit 


WILLIAM JACKSON, 
Joun CHENEY, 


Jos. 
Gro. 
Epw. 

the effect this amendment? 

first three sections Article are identical 
with the present Constitution, with the exception that the original 
Constitution states that applications for admission Juniors the 
applicant shall state that intends become continue 
engineer. The reason for taking that that this present amend- 
ment contemplates that applicant, whether for Junior for Mem- 
ber, shall make application for any definite grade, and the 
Constitution would require him specify the body his appli- 
cation that junior membership. merely make the 
matter conform with the remainder the article. 

Section Article relating Honorary Members, identical 
with the present Constitution; there change made. 

all applications received are applications for admission the Society, 
not for admission Member, Associate Member, Associate, Junior, 
Fellow; and the whole intent this section print the preliminary 
list—what call the blue list—the preliminary notice candidacy, 
alphabetical list, all applications for membership exactly asis now 
done, with the names references given, except that they shall not 
specify that some them are for Member, some for Associate Member, 
some for Associate, some for Junior, and on. 

After exactly the same process now vogue gone through 
with the Board Direction, the Board classifies the applicant, and, 
having secured his consent that classification, issues his name 
ballot list, exactly present, all the members. 

includes Juniors too, does it? 

The next clause gives the Board the power transfer persons from 
lower higher grade without further vote the membership 
the Society, and simply states that they shall notify the Society 
action. Under the present system, member elected Ju- 
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nior, must again elected Associate Member, because he.cannot 
transfer from Junior full membership, and quite possible (and 
has been done) that man elected the Society the member- 
ship three times. 

The next clause identical with the present clause the Consti- 
tution regard letter-ballots, with the exception that, instead 
seven negative votes excluding, the provision this amendment 
that there shall twenty votes necessary for the exclusion can- 
didate. Those are the only changes, Mr. President, except that 
this amendment the present reconsideration ballot entirely done away 
with. Under the present system the ballot candidate excluded 
seven negative votes can reconsidered upon the request eight 
Corporate Members, and, having gone through the regular form, can 
elected, providing 10% all the ballots cast, which are signed ballots, 
are not against him. other words, while possible for candi- 
date, under the present Constitution, defeated with fifteen votes 
against him, also possible, and may say that believe has been 
done, that candidate has been elected with forty odd votes against 
him the pink ballot. simply depends the number ballots 
that comein. the percentage the ballots cast. this amend- 
ment the pink ballot done away with entirely. 

Am. Soc. E.—How soon can one come for 
admission again rejected? 

Tue specification, sir, this amendment 
offered. 

Tue amendment now before the Society for 
amendment. 

Past-President, Am. Soc. E.—Mr. President, the 
first clause Article III rather indefinite. provides for the 
admission Honorary Member, but there nothing the section 
thereafter which states precisely the manner which candidate for 
membership shall admitted the Society. move that 
there added third clause Section Article III read 
follows: 

All members Honorary Members and Juniors shall 
admitted the Society only the Corporate Members 
hereinafter specified.” 

That covers the method admission the Society which not 
contained any other part the Constitution. 

about Associates? 

Mr. are elected vote the Corporate 
Members. stated the rest the Constitution, all applicants 
make application simply for membership. The Board classifies them. 
The Society Ifthey are classified Members, Associate 
Members, Associates, the ballot goes out for the person that 
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grade, and, the present form the amendment, provides for the 


Amendment 


election Juniors the same way. wish move amendment 
also the second paragraph Section Article III. 

not best take action the pro- 
posed amendment first? 

Mr. yes; the first amendment offer this one, 
defining simply the manner which members are admitted the 
Society. 


Am. Soc. E.—I second the motion, Mr. 
President. 

—How are Fellows elected? 

THE Mr. Croes answer the question? 

this amendment, sir, general vote, even 
Mr. Croes’ amendment passes. 

Mr. shall contributors the permanent funds 
the Society though they may not eligible for admission Cor- 
porate Members. 

they are elected ballot? 

Tue this amendment; yes, sir. 

Mr. President, this proposed amendment, 
Junior does not come for general ballot. elected the 
Board. The Board can then, year so, transfer him full 
membership. 

Mr. the gentleman will pardon me, there amend- 
ment referring that which the President directed should not 
read this time. would state, though, that the amendment which 
propose offer connection with that subject, after this amend- 
ment has been acted upon, that the Board shall have power elect 
persons the grade Junior and transfer persons from any grade 
except that Junior toa higher grade membership. Those two 
together, but they are separate amendments. you adopt the first 
one you want adopt the second one, too. 

Green, Am. Soc. E.—How are elected 
now? 

Mr. the Board. 

Mr. this proposed they are 
elected the Society. 

Mr. the Society, yes. 

that desirable? 


Mr. The question has been asked how Fellows are 
elected now? 


Tue are elected the Board, sir, just the same 
Juniors and Associates. 

Mr. Green.—This makes them elected the Members 

Tue makes every man elected permanent grade 
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the Society elected the membership large. allows the 
Board elect Junior, whose term Junior ceases when be- 
comes thirty years age, and, consequently, not permanent 
grade, Mr. Croes proposes have him elected the Society again 
into one the permanent grades. 

you ready for the question? there 
further discussion, the chair will put the question. 

The question was put and carried. 

Mr. Mr. President, offer the amendment the 
second paragraph Section Article III. now reads: 


The Board shall have the power transfer persons from lower 


higher grade membership, and shall notify the membership 
its 


The amendment is, that the Board shall have the power elect 
persons the grade Junior and transfer persons from any grade 
except that Junior higher grade membership, and shall 
notify the membership its action. does not seem 
advisable have the Juniors elected the Society, but have the 
Juniors elected the Board, and when they want higher, their 
election the Society takes place. That covers the question which Mr. 
Seaman asked. 

The amendment was seconded. 

amendment the amendment seconded. 
now before the Society for discussion. there discussion, 
the Chair will put the question. 

The question, being put, was carried. 

have communication which would like 
read. from Mr. James Burden, Associate Member the 
Society. 


CHARLES WARREN 
Secretary Am. Soc. E., 
New York. 


receipt the proposed amendment the Constitution. 

Article II, Section says the Junior Member, that ‘his 
connection with the Society shall cease when becomes thirty 
the case now stands, and has always seemed 
unfortunate. nearly every class engineering school are some 
men who graduate near this limit that they cannot avail themselves 
the advantages Junior membership, they would not thirty 
eligible for Associate membership, yet these men are notinfrequently 
those who have had fight their own way, and are keenly earnest 
their professional work. seems that the limit might well 
years. This would prevent one from applying earlier 
for higher grade. 

have known application for advised 
the ground that thirty man would probably admitted 


Letter from 


James Burden. 
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Associate membership who might rejected were outside the 
Society. the limit were thirty-five could made wait 
would probably elect himself. 


Very truly yours, 
JaMES BURDEN, 
Assoc. Am. Soc. E.” 


Mr. Burden’s request, offer for him the amendment change 
the word thirty thirty-five.” 

the proposed amendment seconded? 

The amendment was seconded. 

THE now before the Society for discussion. 

seems that thirty-five makes man wait rather late life. 
What the matter with thirty-two thirty-three? 

Mr. think that good suggestion, Mr. President. 
think thirty the age which should reach; but there the objec- 
tion suggested Mr. Burden, and those the Board are familiar 
with the fact that often have make special rulings, rather the 
Board has often make special rulings, cover those special con- 
tingencies. would move that the age thirty changed the 
age thirty-two. 

Tue motion that the age changed from thirty 
thirty-two. 

Tue behalf Mr. Burden, acting for him nearly 
can his absence, will accept the amendment. think 
covers the ground that intended cover. 

there objection, the age thirty-two will 
accepted lieu the age thirty-five. there any discussion 
the proposition now stands? 

Mr. seems me, Mr. President, that thirty-three 
would better. The change very little from thirty thirty-two. 
strikes that man going get out college all will 
get out the age thirty years, and will then have two years 
the Junior grade before can into the grade Associate 
Member. 

Tue allowed one more word, think the only 
objection changing the time which Junior ceases Junior 
the Society that, under the present Constitution the age 
which ceases Junior coincident with the age which 
becomes eligible for membership. Consequently, impossible for 
Junior transfer from the grade the grade Member 
under our present Constitution. That has elements propriety, 
however, inasmuch then becomes necessary, wants con- 
tinue his connection with the Society, through the grade Asso- 
ciate Member. think, however, that this matter would entirely 
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the hands the Board Direction. would simply get more 
applications from people who wanted transfer from the grade 
Junior the grade Member, because they would become eligible, 
because man eligible when thirty for the highest grade, but 
under this amendment perhaps the same thing would not obtain, be- 


cause man applies for any specific grade membership. merely 
make that suggestion. 


further discussion? The question the 


substitution, Section Article II, the words thirty-two 
for thirty.” 


The motion, being put, was carried. 
Tue there further discussion this amend- 
ment, have communication from Mr. Samuei Whinery. 


New May 29, 1903. 


Secretary, Am. Soc. E., 
West 57th St., 

shall not able attend the Asheville Con- 
vention, the business meeting which the pending amendments 
the Constitution the Society are discussed, ask, will 

correctly understand the proposed amendments, they will, 
adopted, their present form, change the present practice the 

Society the following particulars: 

for admission would simply for member- 
ship, and the Board Directors would determine the class which 
the applicant may admitted. not clear, however, from the 
language the amendment, that applications for advancement toa 
higher grade shall simply for transfer, without reference grade, 
since the first sentence Section Article III, seems contemplate 
that applications may made the Board for transfer from one 
grade another stated grade. The logical inference from the trend 
the amendments that beyond application simply for transfer, 
the grade which the applicant transferred shall deter- 
mined the Board. Indeed, the general spirit the proposed 
change adhered to, the logical conclusion would that the initia- 
‘tive proposing transfers should taken the Board, and should 
not originate request the applicant. There would obviously 
serious objections this principle practice, since the Board 
would then charged with following the professional career each 
member any class order propose deserved promotions. While 
the Board should undoubtedly have the right, after proper investiga- 
tion, classify applicants for either admission transfer, there 
seems sufficient reason why applications should not, 
now, made for admission transfer definite grade. 

only objection the present practice that seems have 
any weight that may personally embarrassing the applicant, 
after having applied for membership any stated grade, con- 
signed different and perhaps lower grade the Board. think 
the importance this objection has been greatly exaggerated. 
however, any applicant sensitive that point, there nownothing 
prevent him from applying for admission transfer Any grade 


Letter from 
Whinery. 
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Discussion the Board may elect,’ instead naming the grade which aspires. 


favor the present practice may said that while the Con- 
stitution attempts define the qualifications necessary for admittance 
each grade, the question whether applicant meets these 
cations open one, which each corporate member has the right 
decide for himself, and vote accordingly, whatever may the judg- 
ment the Board. member may have perfectly for 
voting for the admission applicant one grade and for voting 
against his admission another. Furthermore, these reasons may 
such that the grade applied for stated the blue list mem- 
ber may write the Board giving reasons why the applicant should 
not admitted that grade, while the grade not stated the 
‘blue list’ may neglect communicate with the Board under the 
impression that that body will classify the applicant accordance 
with his (the member’s), views, and if, when the ballot issued, 
finds that the applicant has been classed higher grade than seems 
proper, may feel compelled cast negative ballot, not because 
any objections the applicant himself, but because has been 
placed, the Board, class which, the opinion the voter, 
the applicant not entitled. rejected for such reasons alone, the 
applicant might have greater cause for dissatisfaction and embarrass- 
ment than the grade aspires to, after being published the 
‘blue list’ were changed the Board before the ballot were sent 
out. 

number ballots necessary reject applicant 
would twenty more instead seven more, present. 
favor increase the number negative ballots required reject, 
and with the present number corporate members, twenty not 
unreasonable, though opinion that number rather too high. 
Since, however, the membership rapidly increasing, this number 
adverse votes may, before very long, relatively smaller than seven 
when the Constitution was adopted, than even now. think 
the number negative ballots necessary reject should bear some 
detinite ratio the number corporate members. satisfactory 
ratio once adopted, would not then necessary again change 
the Constitution with the growth the Society. Ifthe ratio were 
fixed three-quarters one per cent. the corporate membership, 
the number negative votes required the present time would 
seventeen which seems about right. 

proposed amendments are silent upon the question whether 
rejected candidate may subsequently renew his application for 
membership. view the probable abolition the present pro- 
visions for reconsideration think provision for renewal application 
should made, particularly since not defined the Constitution, 
the question the legality such renewal applications quite 
sure arise the future. 

provision for reconsideration the ballot upon 
rejected applications would abolished. There seems wide 
dissatisfaction the Society with the existing Pink system 
and probably advisable abandon it; though such abandonment 
may sometimes result grave injustice worthy members the 
profession. 

admission any grade membership the Board 
would have the power transfer the persons admitted higher 
grades membership without the formality ballot the cor- 
porate members. other words, person admitted Junior mem- 
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bership might advanced successively the grade Honorary 
Member without giving the corporate membership opportunity 
vote upon the question. 

may readily occur that the desirability submitting ap- 
plication for advancement ballot the membership may 
greater than upon the original application for admission. Corporate 
members who voted for the admission applicant Junior may 
have good reasons vote against the advancement that Junior 
full membership, and they should not deprived the right 
must become more desirable and important the case proposed 
advancement the grades Associate Member and Member. 
opposed this feature the proposed amendment. 

the proposed amendment applications for admission 
the grade Junior would treated precisely are applications 
for admission the higher grades, including the ballot the cor- 
porate members. 

asthe grade Junior temporary one, member- 
ship which expires limitation the age thirty, can see 
necessity for the proposed change. seems desirable, for the 
encouragement and help the young members the profession, 
allow them enter the Society the grade Junior with little 
formality possible. The question professional standing con- 
duct generally does not exist not important. the applicant 
possesses the constitutional requirements for admission, and evi- 
dence presented derogatory his personal character, there seems 


good reason why the Board should not admit him without the 


formality membership ballot. 

the reasons stated, would, present the Convention, 
move that the proposed amendments amended follows: 

out Section Article III and substitute therefor 
the following: 

stated periods, detefmined the Board Direc- 
tion, there shall issued each member any grade whose 
address known, list all applications received for admission, 
for transfer from one grade another, which list shall dated and 
shall contain concise statement the record each applicant and 
the names his references, with request that members transmit 
the Board any information their possession which may affect the 
disposition the applications. Not less than twenty days after the 
issue such list, the Board Direction shall consider these applica- 
tions, together with any information regard the applicants that 
may have been received; may make further inquiries deemed 
expedient; and may, for reasons deemed sufficient, reject the appli- 
not rejected, the Board shall determine the grade mem- 
bership which the applicant entitled, and, with his consent, may, 
except the case applications for Junior, direct ballot. 

out the last paragraph Section Article 
reading follows: ‘The Board shall have power transfer persons 
from lower higher grade membership, and shall notify the 
membership its 

Section Article strike out the sentence, Twenty 
more negative votes shall exclude from election,’ and substitute there- 
for the sentence, ‘If upon such ballot the number negative votes, 
the case applicant, shall exceed three-fourths one 
excluding fractions, the total number corporate members the 
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[Society 


report the last preceding 
Annual Meeting, such applicant shall fail election.’ 


the end Section Article III, the following: 
‘The Board Direction, after making such inquiries may deem 
necessary, shall have the power elect applicants the grade 
Junior; and shall notify the membership election.’ 

rejected applicant may renew his application for membership 
any time after the expiration one year from the date the ballot 
rejecting his previous application.’ 

the amendment, amended, were adopted, the resulting 
changes the present practice the Society would follows: 

Applicants for admission the Society would classified 
the Board; applications for admission all grades except that 
Junior, and for transfer from one grade another would sub- 
mitted ballot the membership; the number negative ballots 
necessary reject applicant would largely increased and fixed 
definite ratio the corporate membership; rejected applications 


might renewed after one year, and the Pink system would 
abolished. 


very truly, 

seems that the suggestion Mr. Whinery, that rejected 
applicant may renew his application for membership any time after 
the expiration one year from the date the ballot rejecting his 
previous application very wise one, and practically what 
done now. 

Mr. will second that portion, providing that may 
renewed the end one year. 


rejected applicant may renew his application for membership 
any time after the expiration one year from the date the ballot 
rejecting his previous application.” 


there any amendment the amendment 
read? has been seconded and before the Convention. there 
any discussion? 

Davison, Am. Soc. E.—Mr. President, should think 
that the absence that condition the Constitution would just 
the same the addition it. think that after man 
rejected, there record made it, and privileged come 
before the Society any time. The only difference would that 
might come before the year out. likely that the Board 
Direction, having had charge man’s candidacy once, would take 
again within the same year. 

Tue think might answer that objection saying 
that all applications which come must out the blue list before 
they come the Board Direction all, that case were not 
definitely fixed that certain time should elapse after the original 
ballot, man might send application once every three months, 
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and the usual routine were carried out, his name would out 
blue list each time candidate before would come the attention 
the Board. 

Mr. Davison.—I can see the force the argument, and think the 
suggestion very good one. 

there any further discussion? 

Assoc. Am. Soc. E.—Mr. President, 
according this proposed amendment, seems that the Board does 
not have notify the membership the request for transfer from 
lower higher grade. seems that the members ought 
have some right speak such matter. There isas much reason 
why member should privileged express his reasons why man 
should not transferred the case transfer the case 
application for membership. 

make another explanation? Section 
Article III provides that: 


stated periods, determined the Board Direction, 
there shall issued each member any grade whose address 
known, list all new applications received for membership any 
grade for transfer from one grade another.” 

Harrop, Past-President, Am. Soc. E.—Does the amend- 
ment Mr. Whinery determine the question whether transfer shall 
made application immediate action the Board? 
think that point ought settled. 

Chair would suggest that might well 
pass upon the question the renewal application before taking 
another subject. there any discussion the motion providing 
for the period one year elapsing the rejection application 
before can renewed? 

There being further discussion, the question was put and carried. 

Mr. think ought settled whether transfer 
made application from the member the immediate action 
the Board Direction. 


that: 


application for admission the Society for transfer from 
one grade another shall embody concise statement, with dates, 
the candidate’s professional training and experience; and shall 
form and such detail may prescribed the Board Direc- 
tion. shall signed the applicant, and shall contain promise 
conform the requirements membership, elected.” 

Mr. you think that sufficient notice members; 
that they desire transfer, they may make application themselves? 

that seems cover the point. 

any member desire offer any further 
amendments the amendment? not, the Chair will declare the dis- 
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cussion the proposed amendment closed, and will out the 
membership the letter-ballot the usual way. 

The next topic before the Convention the proposed co-operation 
the Society with other National Societies and the Engineers’ Club 
New York the erection Engineering Building. The 
Secretary will read statement covering the history the proposition 
this time. 

brief outline the inception and history 
the project date follows: After preliminary meeting with Mr. 
Andrew Carnegie, Mr. Charles Scott and Mr. Calvin Rice, the 
Electrical Engineers, called meeting some members each the 
Societies, and the Engineers’ Club, February 11th, 1903. This 
meeting resulted the appointment Committee consisting 
Messrs. Scott and Rice the Electrical Society, Messrs. Redding, 
Kafer and Thomson the Engineers’ Club, the latter also member 
this Society, and Mr. John Fritz, and this Committee had confer- 
ence with Mr. Carnegie February 14th, 1903. this time the 
Engineers’ Realty Company had secured 50-ft. lot West Fortieth 
Street. this conference Mr. Carnegie wrote the following letter: 


East 


the American Society Civil Engineers, American 
Society Mechanical Engineers, American Institute Mining 
Engineers, American Institute Electrical Engineers, and the 
Engineers’ Club: 


will give great pleasure give, say, one million dollars 
erect Union Building for you all, the same may 
needed. 

With best wishes, 
Truly yours, 
ANDREW 


After several subsequent meetings those who were identified 
with the project, the various societies appointed each committee 
three formulate scheme for presentation the societies for action. 
(The Committee this Society could not legally appointed prior 
the first conference meeting, and the President was requested 
informal meeting members the Board Direction appoint 
such Committee. 

The resulting resolutions, passed joint conference, May 15th, 
1903, were presented the Board Direction its regular meet- 
ing, June 2d, 1903, and action taken which was harmony with the 
recommendations its Committee. 

Resolved, that this Joint Conference Committee recommend 
the respective governing bodies represented this conference, that 
the following resolutions brought before the several organizations, 
acted on: 

Resolved, that (insert name organization) unite with (insert 
the names the other four organizations) any them, for the pur- 
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pose accepting the sum 000 000 gift from Mr. Andrew 
Carnegie, for the purpose erecting suitable buildings for occupancy 
various societies engineers and The Engineers’ Club, the sites 
secured for the purpose the north side Thirty-ninth Street and 
south side Fortieth Street west Fifth Avenue, the City New 
York, the State New York. 


And resolved further, that (insert name organization) has 
very high appreciation this generous gift Mr. Andrew Carnegie, 
and this additional evidence his recognition the engineering pro- 
fession and his deep interest the welfare the national societies 
engineers and The Engineers’ Club. 


And resolved further, that site the north side Thirty- 
Street shall purchased and held trustees, otherwise 
shall determined the joint committee hereinafter mentioned 
for The American Society Civil Engineers, The American Society 
Mechanical Engineers, The American Institute Electrical Engineers, 
and the American Institute Mining Engineers, such them 
shall vote favor coming into this enterprise. 


And resolved further, that joint committee shall created, 
composed three members each organization, that shall unite 
accepting said gift 000 000 from Mr. Andrew Carnegie; and 
that the governing body (insert name shall elect 
three members this organization represent and members 
such joint committee; and that the governing body (insert name 
organization) shall have the right and power remove any member 
such joint committee who shall elected and elect 
member this organization fill any vacancy that shall occur suc 
joint committee reason the death, resignation, refusal act 
removal any member who shall have been elected the governing 
body this organization member such joint committee. 

And resolved further, that the character and internal arrange- 
ment the building erected the site Thirty-ninth Street 
shall determined upon the affirmative vote least two-thirds 
all such the members said joint committee shall represent 
all the organizations, other than The Engineers’ Club, such joint 
committee; and that the character and internal arrangement the 
club building erected the site Fortieth Street shall 
determined upon the affirmative vote all the three members 


such joint committee who shall represent The Engineers’ Club such 
joint committee. 


And that said joint committee shall, the affir- 
mative vote least two-thirds all the members thereof, select 
and employ architect prepare the plans and specifications for 
the building erected the site Thirty-ninth Street, and for 
the club building erected the site Fortieth Street; and 
shall also obtain proposals for the erection both such buildings; 
and shall have power enter into such contract contracts 
shall approved and authorized the affirmative vote least 
two-thirds all the members said joint committee, for the erection 
both such buildings; and shall have charge the erection 
both such buildings. 


And resolved further, that said joint committee shall continue 
existence until all the purpose set forth these resolutions shall 
have been fully accomplished.” 
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Resolutions The Board’s resolutions were follows: 
e ra 
Direction. Whereas, the resolutions submitted the Joint Conference 


Committee the matter the Proposed Union Engineering Build- 
ing are not suitable form, the opinion the Board Direc- 
tion the American Society Civil Engineers, submitted 
the 

Resolved, That the sense this Board that the proposition, 
when submitted the Society, should make definite provision for the 
accommodations necessary for the present and future needs the sev- 
eral organizations, and that the proportion the total expense 
borne each the organizations concerned should definitely 
stated, and further 


Resolved, That the Board Direction recommends, the Busi- 
ness Meeting held the Annual Convention, the adoption the 
following resolutions: 


Resolved, That the Board Direction authorized ascertain 
whether suitable accommodations can obtained for the Society 
the proposed new building, with provisions for future needs. 


Resolved, That the Board Direction authorized co-operate 
this end with the other organizations concerned. 


Resolved, that the Board Direction requested, provided 
satisfied that suitable accommodations can obtained, send the 
members the Society letter-ballot means which direct ex- 
pression the wishes the Society the matter may secured, 
and accompany such ballot statement reasons for and against 
uniting the scheme with the other organizations. 


Resolved, that the Board Direction, case majority the 
members, shown are favor uniting with the 
other organizations, authorized proceed behalf the Society 
carrying out the project.” 

Presipent.—The Chair would suggest that order bring 
the resolutions recommended the Board before the Convention, 
their adoption might moved some member and then the matter 
will before the members for discussion. 

Catt, Am. Soc. E.—To bring the resolutions before 
the Society, move their adoption. 

The motion was duly seconded. 

question now before the meeting for dis- 
cussion. 

Past-President, Am. Soc. E.—Mr. President, 
and Gentlemen the Society: very embarrassing thing, some- 
times, decline gift, and frequently more embarrassing ac- 
cept it. When that gift, however, coupled with conditions, and 
particularly when those conditions are complex and not easily under- 
stood, may pardoned for hesitating and giving great deal 
careful consideration before give our full acceptance. The 
passage this resolution, understand the tenor it, simply 
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states the case and would put before the Society for action when 
votedon. The refusal pass the resolution simply 
places position where, under certain conditions, answer 
should returned Mr. Carnegie. 

The situation, however, peculiar, one way, and that is, 
failed yet see hear any formal proposition from Mr. Carnegie 
actually making this offer, understand it. there offer 
that kind, Mr. President, before the Society? Has there been 
formal tender this amount the American Society for this pur- 
pose? 

tender was made letter addressed 
Mr. Carnegie the several Societies, the four National Engineering 
Societies and the Engineers’ Club. The original that letter has 
never been presented the Board. has never been presented, 
think, the Boards any the Societies. Itis paper that not 
desirable carry around, but the Chair would state that has seen 
the letter, and bona fide offer, with Mr. Carnegie’s signature at- 
tached, the Secretary has read. 

Mr. being the case, course, devolves upon 


us, matter courtesy, return some answer, and the question 


have face for the Society what that answer shall be. 

said before, the passage this resolution would bring 
before the members the Society letter-ballot. The failure 
pass the resolutions will bring the matter before the Society 
what answer should returned. 

The general question embraces two elements for our consideration; 
one, professional one, and the other, oneof expediency. From the 
professional standpoint should not forget that the American Society 
Civil Engineers not technical society. professional 
institution. We, and those who have preceded us, have been working 
together for fifty-one years build institution which shall 
show the world the progress the civil engineering profession 
America. The Society has prestige and represents the best engi- 
neers America. The profession civil engineering embraces all 
the technical engineering branches; embraces all the specialties; 
and should bear mind that has been our effort work the 
end that might so. 

should also bear mind that should not placed the 
position being the remnant that profession, what left after 
the profession subdivided into the several specialties which have 
sprung up, our country and among the members our profession, 
the last twenty-five years. (Applause.) should not forget that 
our Society stands for something, and stands for the united efforts 
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its members for half century. should not, for mess 


oint 

Engineering 
Building 

(continued). 


pottage, trade that prestige off anything that would any way 
take away (Applause.) 

speak rather strongly that subject, because have always 
been non-resident member, and the Society appeals non- 
resident member two ways; one, source communication 
with other members the Society, source information through 
the papers and publications, and the other through that spirit that 
brings professional men together, the prestige the Society, and 
the feeling that connection, the feeling that you are member 
the American Society Civil Engineers that goes with the man that 
isolated the frontier, and helps him his work, and helps 
him his duty, and helps him maintain his integrity, and 
causes the sun less hot, the rain less wet, and the air 
less cold when has difficult physical tasks perform, and causes 
him maintain his integrity alone and without the support his 
fellows. There bond there, and not want anything 
lower the standards that have set up. 

From the standpoint expediency, the American Society Civil 
Engineers to-day firm financial basis. have property worth 
over $200 000, for which are under obligations anyone. 
have small debt, but the surplus which can set aside from our 
dues perfectly able take care that. other words, few 
years will debt-free, and will even have hunt some source 
expenditure properly spend the money that comes from the 
dues the members legitimate way. have ample accommo- 
dations. not need any more accommodations. Our house 
located satisfactorily, and the question naturally comes, from the 
point expediency, why should change? certainly should not 
unless there great preponderance reasons for our doing so. 

The main reason advanced, should presume be, 
centralize the engineering societies and the engineering interests. 

dislike very much speak plainly, because member the 
Engineers’ Club, and have friends the other engineering organi- 
zations, and not wish belittle their efforts, say anything 
which they may take exception, but, the first place, look 
from simply the commercial standpoint. There land buy, 
which, understand, will cost the neighborhood $500 000—is 
that right, Mr. President? 

Tue about right. 

Mr. about million dollars, which will 
expected contribute either one-quarter one-fifth, depending 
upon how many associations into it. After the land purchased, 
understand the proposition, there million-dollar build- 
ing erected thereon. understand the situation, however, the 
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first part that money used provide quarters for engi- 
neers’ club, which practically engineers’ club name only. 
(Applause.) that hardly half the members are engineers 
the sense that they are even members the technical societies. 
institution that social and largely, very largely, commer- 
cial. (Applause.) There will left for this Union Engineering 
Building the residue after the quarters this social and commercial 
provided. Dividing that space those quarters four, 
understand it, will possession less cubic feet build- 
ing for our accommodation than now have our present location. 
will only have one-quarter voice the management that 
building. contribute library. The assembly room and all the 
general facilities that building are open membership that will 
probably be, few years, from 000 000 people, scattered all 
over this country. We, course, will have our meetings exclusively. 
will still the American Society Civil Engineers, but seems 
that affiliation that kind rubs something off the bloom 
the peach (applause), or, least, that the way appeals toa 
non-resident member, the West. 

Looking over, looking all sides over, there does not seem 
any proper reason why the American Society Civil Engineers 
should and share and share alike with the other organizations 
that are interested this matter. can see plainly why would 
very desirable thing for the Engineers’ Club; can see plainly why 
would very desirable thing for the Mechanical Engineers, for 
the Electrical Engineers, for the Mining Engineers, provided they 
desired it, for all them combined, have the lump leavened 
with the American Society Civil Engineers. cannot see why the 
American Society Civil Engineers should leaven the lump. 

desired ask for our co-operation, instead our affiliation, 
that another matter. could contribute, obligate ourselves 
for some sum toward this building, say $50 000, you please, any 
moderate sum that could raise ourselves, and help these gentlemen 
bring about building, and have our sub-quarters it, you 
please, and help them every way, would most heartily favor 
it; but think lose something dignity, lose something 
professional prestige, and will surely lose something our ability 
control our own affairs, and the room which live, and the 
house which live, enter into close affiliation the kind 
set forth these resolutions and provided for this proposition. 
(Applause. 

Am. Soc. E.—Mr. President, and 
Gentlemen: There seems good deal misconception what 
the conditions are under which are asked accept this proposition. 
Mr. Carnegie has apparently provided conditions except that the 
participating bodies shall procure the land. 
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Some suggestions have been made how the libraries should 
treated, that is, that they might put adjoining rooms, but still 
there are conditions that. There the way each 
organization owning and keeping its library intact, itdoesnow. 
fact, the only proposition now the joint tenancy that building. 
There question affiliation involved. The other societies, that 
is, the Mining Engineers, the Mechanical Engineers and the Electrical 
Engineers have practically adopted those resolutions that were origi- 
nally presented our Board Direction and were rejected our 
Board not suitable their present shape present the Society. 
These three societies have practically accepted them and appointed 
the joint committee that confer and direct the execution the 
project. The Engineers’ Club was have acted last night, and prob- 
ably did so, they practically drew the resolutions and have been 
favor them all along. 

That, then, leaves with the four organizations, that is, all the 
organizations except the American Society Civil Engineers, with 
their permanent committees appointed. All along they have assured 
that whether came not, made difference the carry- 
ing out the project. Committee, really information, was ap- 
pointed informal meeting the Board Direction, when the 
matter was first brought our notice, and they directed the President 
appoint two members act with himself. The President appointed 
Mr. Wilgus and Mr. Freeman, but Mr. Freeman, being member 
the Board Direction one the other societies, declined, and 
was appointed his place. 

Mr. Freeman, that meeting represented, probably Mr. Wallace 
has, the sentiment his locality, and were rather surprised 
find such unanimous sentiment Boston, because New York 
felt that everybody was pretty much sea. Apparently, none 
the Boston people are don’t know whether they are here not 
—but Professor Swain, who was present the meeting the Board 
Direction which adopted these resolutions that have been presented 
to-day, has sent letter our Committee giving the sentiment the 
Boston members far they could determine it, and his absence 
think would proper read that letter here there objec- 
tion, Mr. President. 

This from Professor Swain, and relates telegram that was 

him New York from Boston, while was attendance 
upon one our Board Direction meetings. says: 


Boston, Mass., June 1903. 


Mr. ALFRED 
West 34th St., 
York, 
Mr. very sorry that the telegram which 
was sent from Boston, containing the result canvass the 
members there with reference the Carnegie proposition, was not de- 
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livered Tuesday evening. You will interested its contents, 
which were follows: 


ballot acceptance, Carnegie offer, 
favor, 47; 
favor with present information, 33; 
Non-committal, 
Opposed with present information, 
Opposed, 


This result which little surprising and very satis- 
factory; and think shows one thing quite conclusively, and that 
that the Society should pass the resolutions which voted Tuesday 
evening recommend the meeting Asheville. think likely 
some the members who are opposed the plan would like reject 
entirely and have nothing whatever with it. sincerely hope, 
however, that the Society will have more discretion. Personally, 
thoroughly believe the scheme principle, but course the prac- 
tical details must worked out before can definitely enter into it. 
Personally, also, believe that these details can worked out. 
think the spirit which should approach earnest spirit 
appreciation and sincere desire make the scheme success, and 
that, approach this way, can make success. the 
other hand, start with the hope and the desire pick flaws 
and defeat the scheme, might able so. 

thought you might interested this result showing the 
feelings the Boston members, and send you for the reason that 
cannot Asheville, and thought might some use you 
necessary persuade the Society take the initial steps and pass 
our resolutions. sending copy this letter the other two 
members your Committee. 

Very sincerely yours, 


would say explaining those resolutions which were offered, 
that the Board Direction, rather the Committee appointed the 
Board, asked the opinion counsel the legal procedure and 
certain questions about which were doubt; for instance, 
whether, accepted and became one the proprietary bodies 
and had joint committee which would always minority, 
might, such condition became distasteful, withdraw, without 
the loss what had putin. The opinion counsel and answers 
those questions, and also with reference these resolutions, 
probably had better read, Mr. President. This was obtained for in- 
formation fact, our Committee has been simply one 
information. This addressed Mr. Alfred Noble, President. 


New June 1903. 
ALFRED 
West Thirty-fourth Street. 
New York City. 
Dear the matter the proposition Mr. Andrew Car- 
negie erect union engineering building, you ask the effect 
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[Society 


resolutions substantially the following purport, adopted 
the American Society Civil Engineers its general business 
meeting: 

resolution authorizing the Board Direction ascertain 
whether suitable accommodations can obtained for the Society 
the proposed new building, with provision for future needs. 

resolution authorizing the Board Direction co-operate 
this end with the other Societies. 

(3) requesting the Board, provided satisfied 
that suitable accommodations can obtained, send the mem- 
bers the Society letter-ballot regarding the proposed new build- 
ing, accompanied statement reasons for and against uniting 
the scheme with the other Societies. 

(4) resolution directing the Board, case majority the 
members, shown letter-ballot, favor the project erecting the 
new building, proceed with the other Societies the erection 
the building. 

have hesitation saying that such resolutions adopted 
would harmony with the Constitution the Society and that 


the Board Direction would, upon the adoption the resolu- 


Telegram 
from several 
Members. 


tions, legally warranted acting conformity with the resolutions. 

You ask what would the situation one the other Societies 
mortgaged its interest the new building and defaulted payment 
under the mortgage. 


You also ask what would the situation case the with- 
drawal one Society. 


venture the suggestion that agreement can doubtless 
framed covering the foregoing points, with such others may occur, 


way safeguard the Society’s property interests provided the 


Carnegie proposition accepted. 

would not only the right, but the imperative the 
Board Direction insist upon the execution the other Societies 
instruments necessary protect the American Society Civil 
Engineers, condition precedent committing that Society 
fixed plan. 

Yours truly, 
Kinney.” 

There are some other communications, Mr. President, which have 
come our Committee, proper read them. 

may read them. 


Mr. telegram received from New York, addressed 
Mr. Noble: 


the undersigned, members the American Society Civil 
Engineers, without now expressing our preference for against the 
Society’s participation the gift Mr. Andrew Carnegie, the 
cause engineering, most respectfully recommend thtir fellow mem- 
bers, assembled one its regular general business meetings, that 
the question submitted the entire membership letter-ballot 
without unnecessary delay, such action, our opinion, and accord- 
ing competent legal advice fully warranted under our Constitu- 
tion; and, moreover, the individual right every member have 
the opportunity vote important matter. 
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Am. Soc. E.—Do you offer this resolu- 
tion? 

Mr. this simply information that has come the 
Committee from members who cannot present. 


Mr. understand they asked that offered 
resolution. 


Mr. the course outlined the resolutions before 


you this same end, that the matter decided letter- 
ballot. 


Mr. Green.—Mr. President, name attached this telegram, 
and wish explain that gave very hasty answer, yesterday after- 
noon before leaving Washington, telephonic communication 
which did not give quite all the information that contained 
that telegram. willing vote for the letter-ballot proper 
time, but not immediately, and therefore, the thing now reads, 


would rather name should withdrawn from among the signa- 
tures. 


have two letters that were addressed the 
Board Direction, one from Past-President Fteley, and one from 
Mr. Corthell. 


May 1903. 


Board Direction, the discussion the Carnegie proposition 
which take place your next meeting. 

perusal the pamphlet sent President Noble sug- 
gests the thought that the whole matter was started and prepared, 
almost entirely, without consultation with any authorized member 
our Society; probably the expectation that the glamour the 
munificent offer made could prevent all possible opposition, any 
were intended. 

other bodies, differently situated material prosperity 
otherwise, think out the question refuse the offer made, easily 
conceive, and, from the statements made him, Mr. Carnegie prob- 
ably received the same impression. 

feel confident, however, that would against the best 
interest our Society follow the others the acceptance the 
pending proposition. have worked many years build our 
organization and have now reached, professionally, financially and 
materially, desirable position with which should satisfied. 
now partially lose our distinct identity and unite with other 
bodies, some which have not the same aims ourselves, would 

fail especially see the propriety uniting with the Engi- 
neering Club. Admirable may its own sphere, its aims 
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and methods are obviously different from ours; not professional 
organization, and, would actively occupy its part the proposed 
building every day the year, would obviously appear outsiders 
(continued). arepresentative body and would give the whole social and 
festive character which not care assume. Many its mem- 
bers, understand, are commercial representatives firms, the sale 
whose goods and products are controlled Engineers, and 
apparently close association would hardly consistent with the main- 
tenance high professional mentioned our Constitution 

one the main objects our Society. 

whole subject has been treated with undue haste. the 
pamphlet sent the President, and the press references which 
have reached me, have not seen word regard the financial 
management the proposed building. The equipment and mainte- 
nance such large establishment very expensive, and, from what 
know the financial resources the bodies invited join the 
Union, they would have increase substantially their annual outlay 
order meet the expense the annual maintenance and the 
extinction the debt contracted for the purchase the 
land. 

number financial and legal questions connected with the 
joint ownership and management the property necessarily 
arise and should inquired into before launching into such 
radical change now proposed. Competent legal opinion alone 
can define the legal status the various members the joint owner- 
ship. 

With hopes that the call the Board for expression opin- 
ion the members our Society will accompanied such 
sober and judicial statement will convince them that for our 
own best interest retain full our present identity, and counter- 
act any contrary argument that may sent independently them, 
remain, 

respectfully, 
Am. Soc. E.” 


Mass., May 29, 1903. 
American Society Civil Engineers, 
West 57th St., City. 


proposal accept from Mr. Carnegie 000 000 for the purpose 
builaing joint house for the National Engineering Societies this 
country and for Engineers’ Club. 

the matter now stands, has come largely through 
the public press, not favor the proposition. not think 
our Society should unite intimate relations are proposed, with 
the other national societies, for the reason that its standing, its 
requirements and its purposes are considerably different. need not 
into details respect these differences. cannot better express 
own views regard these differences than referring the 
presidential address Mr. George Morison delivered June 19, 
1895, and found page 477 Volume 33. that page two para- 
graphs shows clearly the difference and brings out, think, better 
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than can possibly do, the reasons why would improper unite 
any close relations societies such different character. says: 

Our Society should include the choicest mindsin every branch 
engineering; must have among its members the leading members 
every society which represents engineering specialty. other 
society can have our general range; the other hand, other 
national society can make the same restrictions individual 
requirements. Each the other societies devoted some specific 
branch engineering. but the individual qualifications should 
comparatively light; receives into its ranks every engineer working 
its specialty, receive engineers every specialty, but not every 
engineer. 

American Society Mechanical Engineers accepts mem- 
ber anyone who ‘competent take responsible charge work his 
department;’ not necessary that should able design, and 
while this would bad provision for our Society, exactly right 
for the Society Mechanical Engineers. take educated men 
every branch the profession; each other national society takes 
every man who devoted the specialty which that society repre- 
sents.’ 

These are exactly the relations which exist between the Institu- 
tion Civil Engineers Great Britain and the other societies that 
have with special features engineering. cannot conceive 
that institution uniting closely with these other societies. I.do not 
believe that any financial temptation—a million ten million dollars 
—would looked upon with favor for moment that great Institu- 
tion, and are equal every respect far requirements for 
admission, professional standing the members and other important 
features which distinguish from other societies are concerned. 

1895, when endeavored establish international institute 
engineers and architects, found that order establish any 
relations all between the engineers different. societies and 
different countries would necessary keep the societies 
high and low grade separate, they are now, but individual members 
these societies could, for the purposes stated proposition, 
united institute, but that would necessary make the re- 
quirements for admission low possible, and they were 
simply, ‘Any person engaged the profession engineering 
architecture, mature age and good character.’ 

were possible change the constituent features the 
various societies which proposed unite asto bring them 
requirements, character, experience, the American Society 
Civil Engineers, think the proposition should meet with the ap- 
proval our Society, but impracticable change these other 
societies; consequently will have down their level, and 
that cannot do. 

hope the views very briefly expressed above and opinion 
will accord with your own, when the matter has received full study 
and discussion. 

Yours respectfully, 
Am. Soc. £.” 


Mr. President, when this matter was first 
attention feeling was one surprise the maturity the 
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Discussion project, apparently, presented, without any previous notice having 
oin 


Engineering been given any the parties concerned. examination, 


(continue 


appeared that after-dinner speech the President the Electrical 
Engineers appealed Mr. Carnegie’s feelings, and sent for Mr. 
Scott the next day and told him that would like aid erecting 
union engineering building for the engineering societies. Mr. 
Scott called very few members those various societies, and 
although was told, and Mr. Carnegie was told, that the American 
Society Civil Engineers had, for twenty years, been considering 
the proposition, and had every time refused enter into union 
building, the majority the gentlemen consulted thought that the 
thing might worked out, and they had gone Mr. Carnegie and 
he, thereupon, wrote letter which you have heard read, the four 
Engineering Societies and the Engineers’ Club, purely social and 
commercial organization, which wasthen negotiating for the property 
Fortieth street, New York City. That proposition was held 
the gentlemen who received until site immediate proximity 
the Engineers’ Club could obtained, options could ob- 
tained, that might purchased and preserved for the erec- 
tion union building for the five organizations. 

The property the Engineers’ Club fronts Fortieth Street, ft. 
99, and the contiguous property which the engineers are occupy 
Thirty-ninth Street and 125 ft. The two plots are backed 
against each other. The union building must run through from 
street, with entrance Fortieth Street and entrance 
Thirty-ninth Street. 

When this option had been obtained, announcement was made, 
May 3d, that such project was under way. meeting was 
called all the directors all the various societies concerned, 
take place three days later, the 7th May; the time was fixed; 
the place was fixed—the house the American Society Civil Engi- 
neers. American Society Civil Engineers did not know any- 
thing about it. the 5th May the Board Direction the Ameri- 
can Society Civil Engineers met and, finding that meeting had 
been called, agreed invite the gentlemen attend it, and requested 
that some members the Board Direction attend the meeting 
see what was going on. They did so. They found that three 
days’ notice the Board Direction was called upon adopt set 
resolutions carefully prepared, stating that the American Society 
Civil Engineers and the other societies, officially assembled, accepted 
the proposition Mr. Carnegie, and they also had cablegram pre- 
pared, which was forwarded Mr. Carnegie, that the members 
these societies, officially assembled, accepted his offer with thanks. 

Some the members our Society and members the Board 
Direction were present, and those resolutions and that cablegram 
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were entirely untrue, they succeeded securing the substitution 
resolution thanking Mr. Carnegie. 

Now, the proposition which was submitted that time and pre- 
sented that meeting and made public, said, three days before, 
was elaborate scheme drawn lawyer for the management 
the whole thing, providing for the election trustees who were 
be, believe, perpetual—at any rate they were practically self- 
appointed carry out the whole project. 

Without any regard anything else will say that that movement 
was not timely, and one the greatest philosophers modern days 
has said that ‘‘our words and actions, fair, must 
were not timely. There was not opportunity given for discussion. 
Well, that was not passed, course. 

examination, found that not dozen members 
the American Society Civil Engineers who knew anything about 
this, and while there were publications issued, and some them 
appeared the public press, and some pamphlets were sent out, there 
was not any general information regarding the project which involved 
the reversal the policy the American Society Civil Engineers 
from its foundation; and were told, and was urgently impressed 
upon everybody connected with the government the American 
Society Civil Engineers, that was absolutely necessary that that 
project should accepted once, and certainly within thirty days, 
because the option the piece land which the gentlemen the 
Engineers’ Club had selected good one for the Society house 
would expire within that time. inquiry, found that there was 
not any such hurry all; that Mr. Carnegie had said that 
any one society did not choose come into it, that his offer 
held good for the others; and, are not under boss rule, 
under clique rule, but are democracy where every man has 
voice the management the Society, was necessary for 
take popular vote the subject and have the approval all the 
members. 

Well, thought under those conditions that would well 
feel the pulse the men who had taken part the growth the So- 
ciety, men who had built and who had held official positions 
and who were more intimate with its affairs than anybody else could 
be, and addressed number them letter stating somewhat 
concisely the condition affairs, reciting the first place what 
have just said you the manner which the proposition was 
brought about, and then making this proposition: 


important that the members the Society should carefully 
consider the proposition all its bearings, and that they should 
prepared uphold the old established policy the American Society 
Civil Engineers unless some very strong argument can brought 
forward support reversal that policy. 
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policy may, think, thus stated: The Society not 
educational institution, nor commercial exchange, but association 
men who have acquired such education and practical training 
any branch civil engineering warrant their being classed 
members profession, and not simply expert mechanics, 
skillful tradesmen. Juniors and Associates are affiliated with them, 
but not membership basis, and they have voice the manage- 
ment the Society. The full membership the Society intended 
carry with it, far practicable any such organization, 
guaranty the mental, moral and practical fitness man 
ranked professional civil engineer. not consistent with the 
aims and purposes this Society for associated with other 
organizations having lower standard membership, such way 
lead either the members such organizations the general 
public assume that all the persons associated stand the same 
professional plane. 

indisputable fact that while there are the various other 
engineering societies many members who rank high, professionally, 
any members ofthe American Society Civil Engineers, and very 
considerable number, 250, about, are also members the latter society, 
the only reason for the existence the other societies that there 
have been and now are great many men who feel the need 
Association, but are either unable unwilling comply with the 
requirements the American Society Civil Engineers full 
membership and who wish members only such organization 
will accord them the privileges the highest grade member- 
ship and participation the control the organization.” 


There always must number societies the same branch 
business, whatever is, but they are societies different grades. 
have standard, Mr. Wallace has well said, which the other socie- 
ties have not. 


American Society Civil Engineers has never been dis- 
posed engage any business professional alliance with such 
societies such nature lead general impression the 
equality the professional standing all the parties the alliance. 
now proposed that the American Society Civil Engineers shall 
unite with the other technical societies and with also unprofessional, 
social and commercial organization the acceptance gift 
building occupied them common. deed gift all 
the societies are grouped co-ordinate and equal. the scheme 
co-operation proposed the promoters the project, all the recip- 
ients the gift the house are designated tenants common, 
share and share alike. The libraries are proposed merged 
one, and the auditoriums are used all alike. The purchase 

out view the moral considerations which have hereto- 
fore influenced the action the American Society Civil Engineers 
this matter, and considering only the business features the pro- 
posed arrangements, appears that, the five participators this 
arrangement, the American Society Civil Engineers owns and occu- 
pies commodious house, built for its use, which valued $250 000, 
and has mortgage $55 000, which being paid off rapidly 
from current receipts. also has library over 000 volumes, 
valued $50 000. 


Mechanical Engineers own property valued about $80 000. 
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The Mining Engineers own property, have small library and say 
they don’t want building. The Electrical Engineers own prop- 
erty, are understood have building fund and have begun 
The Engineers’ Club owns property and has library 
worth mentioning. 

appears, therefore, that the one successful, well-conducted and 
prosperous organization the group asked into partnership 
with four other concerns which have not demonstrated their ability 
acquire manage large property, the purchase three- 
quarters million dollars’ worth land, and the control and 
management the million-dollar house. 

proposition does not proceed from the party interest which 
has now cash and credit, but from some the others who wish 
associated with that party, and who have, the outset, attempted 
enforce immediate acceptance, saying ‘that the details can 
arranged afterward.’ 

would glad know from you whether you think desirable 
consistent with the best interests the Society entertain the pro- 
ject affiliation with the other societies above named the 
manner 


make that statement yon that you can see precisely whether 
not was fair the statement. expressed opinion 
except what comes inference. (Laughter.) 

Now, looking over the persons whom send that, thought 


good men send were the eight survivors the nine- 


teen men who were elected Members the Society its revival 
1867—December 4th, 1867—when the Society was revived after being 
comatose state for some ten twelve years. There were nine- 
teen men elected, and eight those still survive. One them took 
active part the reorganization and the management the 
Society, and has been director and Vice-President, and has con- 
tributed the funds the Society subscription for the building 
Twenty-third Street—and right here might well say that the 
building which own now was not built subscription. The 
building Twenty-third Street was largely purchased and enlarged 
from subscriptions obtained from members and from others, but 
the present building was built the Society out its own funds, 
only $19 243 being contributed subscription, and being paid 
for out its own funds (applause); not the gift anybody. 
Well, this gentleman speak also contributed fund for 
founding prize for the Society, the Rowland Prize, and now 
Honorary Member the Society, for speak the Hon. Thomas 
Fitch Rowland, Honorary Member the Society; and wrote 


reply letter which ask have incorporated the minutes this 
meeting. 


had already given the subject upon which you address me, 
much earnest thought, and have carefully perused your letter, and 
the printed article, over your signature, copy which you enclosed. 


Letter from 
Thomas Fitch 
Rowland. 
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welfare The Am. Soc. E., were assume any part the 
schemes now vogue, entice from its high estate, and signally 
commanding position being oldest, most distinguished, and world- 
wide known Society Engineers the Western Hemisphere. 

proper health, should most certainly make 
business visit Asheville, upon the occasion the coming convention, 
whatever could, the way convincing gentlemen there as- 
sembled, that such co-partnership, ‘community interest,’ has 
been proposed, would, opinion, fatal the best interests 


our Society, and would monumental mistake, that would mark 


the primal epoch departure, from the true line upon which our 
Society has always traveled, minding its own affairs, and perhaps 
might possibly indicative the Society’s approaching decadence. 

unable travel, and such indifferent physical condition, 
debarred from taking active interest Associations, other 
business matters, but earnestly agree with you, all your adverse 
criticisms [Mr. Rowland had also read that letter which 
addressed the public press, which the same sentiments were 
expressed, but with opinion. writing tothe members the 
Society, was careful not express opinion. writing the 
Press was careful express that opinion forcibly could], and 
heartily hope The Am. Soc. E., will make arrangements, 
any way become identified any co-partnership, any ‘community 
interests,’ with other Technical Societies. 

Although third century has rolled away, vividly still re- 
member, the satisfaction and pride with which you and several other 
gentlemen (who are yet alive) together with myself, accepted invita- 
tions, and upon December 4th, 1867, became elected Members The 
Am. Soe: E., and ever since, opportunity has presented, each 
and all, far can recall mind, have done whatever they could, 
help build this noble Incorporation, which has long been 
recognized throughout the business world, Engineering Society 
the highest type, whose transactions and technical literature, often 
become consulted Government Officials, Civic Associations, Capital- 
ists and others, who have been thereby enabled obtain the best 
professional data, and engineering experience the Society’s members. 

conclusion, repeat earnest accord with all your 
adverse criticisms. and certainly hope the Society will make 
radical change its status, general methods administration, 
under which has grown from feeble infancy its present stalwart 
proportions.” 


place that letter first because from Honorary Member who 
for thirty five years has taken active part the management the 
Society, you know, and because another opinion had been expressed 
one our Honorary Members, Mr. John Fritz. Now, Mr. Fritz, for 
twenty-five years, while the Society was attaining its present position, 
never word deed gave any aid the American Society Civil 
Engineers, and was not until ten years ago, after had passed the 
allotted life man and was over seventy years age, that applied 
for membership the Society. think that the opinion that 
Honorary Member who has taken active part all the way through 
preferred that one who has taken part whatever. 
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addressed the letter another one those eight men, Mr. 


Charles Paine, former President the Society, whom you all know. 
replied: 


your opinion that the should remain free and 
independent. Its members can enjoy all the advantages the other 
societies simply joining they wish the Club, 
they will admitted the The unite the 
with the other societies could only come from persons who 
not conceive the purpose for which the was organized. 
The older members our Society will know how difficult has been 
maintain the standard character and avoid the desire young 
(and even older) members advertise themselves their inventions 
means papers. Those things are permitted occur more less 
the proceedings some the other Societies; and would affect the 
estimation which our held, near association were estab- 
lished. for complete independence administration 
has been suggested; there were such independence provided for, 
the would have nothing more than has now, and gain 
nothing important. The Association for the Advancement Science, 
which every way important organization, might well say the 
Academy Sciences, ‘let swallow you, are more numerous’; 
the League Artists, the National Academy Design, ‘let 
rule your affairs,’ have the Engr’g associations propose 

aware that they not propose this meddling now, except 
the joint administration property; but the same sentiment which 

makes prefer have separate dwelling for myself makes 
prefer separate home for the opinion the cause 
independent and free all entangling alliances.” 


Letter from 
Charles Paine. 


Another those first members was Mr. Mendes Cohen, Past- from 


President the Society. writes: 


personal letter from the editor one the tech- 
nical journals, learned the inclusion the Club the 
scheme. replied that could conceive possible advan- 
tage Am. Soc. being associated with social club 
business arrangement such importance. That the contrary 
saw many and grave objections thereto. 

had not been well and did not suit prepare views 
for publication was invited do, but unaiterably opposed 
such affiliation, and with that feature fixed part the com- 
bination would most strenuously oppose any co-operation 
the part our Society. 

regret that will not possible for present the 
Convention, where would glad join you opposing the 
scheme.” 

Another was Mr. George Greene, Jr., for many years Engineer- 
in-Chief the Dock Department New York City, and Past Vice- 
President and Treasurer the Society, and you may see that the 
questions which asked his opinion are distinctly stated his 
preamble. 


ask for opinion regard the American Society Civil 


Mendes Cohen. 


Letter from 
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Engineers joining with three other technical Societies and social club 
the ownership, control and management home this city. 

American Society Civil Engineers the oldest and 
the most dignified the technical societies considered, that has 
high standard and requirement eligibility full membership, 
while the same time broad enough embrace all classes 
members that the other societies include. 

has its own house, under its own control, sufficient for its pur- 
poses and capable enlargement when there need. 

has its own library under its own control and management. 

not any pressing need money. 

independent, and the leading society. 

proposed that become one five the occupation, con- 
trol and management house and library for the sake the 
advantage whatever share one million dollars, (less whatever 
may have pay for land), may allotted the majority vote 
four other societies and itself. 

cannot become one five without losing its independence, its 
prestige and its leading position, and thereby decreasing its ability 
benefit the profession, and the commonwealth. would Jose much 
and gain but little anything consequential. 

Whatever the other societies may do, hope that the American 
Society Civil Engineers will maintain its present position.” 


Another was Mr. Henry Morris, Philadelphia, engineer, 
machinist and mechanical engineer. said: 


agree with the general terms your position the desira- 
bility entering into business partnership with other organizations, 
has been proposed. 

The action the Board appointing Committee investigate 
the proposition, seems have been well taken, and, course, 
democracy, the members will bow the opinion the majority, when 
the results are expressed the ballot. 

any intention having ‘Carnegie blown the front’ 
—as remarked Mr. Dooley his article Carnegie Libraries— 
would certainly strongly object combination such proposed. 

much regret that will not able the Convention 
Asheville, but feel satisfied that the older and conservative members 
the Society will well represented.” 


Mr. Edward North, Past Vice-President, and one the origi- 
nal eight, wrote follows: 


you honored with your communication the affairs 
the American Society Civil Engineers, you knew that for more than 
years advocated making provision the Society house for 
the special engineering societies, but without putting peril our 
eminently respectable position capital. The generous offer Mr. 
Carnegie may make some combination between the four national 
technical societies possible the near future. 

the other hand, fully agree with you that allowing non- 
technical club intervene the affairs the American Society 
Civil Engineers impossible. And the plan for suitable Union 
Building for them should modified that the affairs the 
Engineers’ Club are permanently segregated from those the Ameri- 
can Society Civil Engineers. Nor fully approve the pro- 


Ome 


REPORT FULL THE BUSINESS MEETING. 243 


posed proximity our meeting room with club house, which, while 
may not injurious men mature years and well-established 
habits, does not seem desirable for those younger men who are just 
entering their profession and whose attendance our meetings has 
far proved beneficial. 

Writing from standpoint, desiring advantageous arrange- 
ment between the four national societies, seems the first thing 
settle its practicability and then settle the forms and terms the 
co-partnership. When planning work for which there precedent, 
all possible difficulties should, possible, foreseen and pro- 
vided against, and these provisions should criticized one who 
has not made the plan. 

This proposed partnership involves problem with which 
allinapt. absolutely new proposition, out our experience, 
governed the laws relating associations, which laws few 
none are expert. And safeguarding the rights the parties 
the real estate and the proposed common house standing will 
probably present questions for which there are legal precedents. 
was with these difficulties view that the meeting the 7th 
inst., which you refer, advised that before any our capital was 
merged common undertaking, sum least equal one year’s 
income that capital should expended legal advice. 

With these views obliged return qualified answer 
your question, viz.: not think desirable consistent with the 
best interests the American Society Civil Engineers for 
entertain the project affiliation with the other societies above named 
the manner proposed. But, after the terms possible affiliation 
between the four technical societies have been arranged under compe- 
tent legal advice, think the proposition should submitted the 
Society. The project too important us, its disadvantages too 
patent. and its advantages too doubtful for the hurried action wished 
some. 

While unable agree fully with all your views, think 
all the members the Society should read them, and hope the fact 
that you are member the Board will not prevent your asking the 
Board Directors give your communication publicity the 
Society.” 


There yet another one those early members who was one 
time, for couple years, the Secretary the Society, Mr. Alfred 
Boller. You all know him, and don’t think that any these men 
whose letters have been read, while they are old members, can said 
who lag superfluous the because they are 
all still actively work. Mr. Boller wrote 


Answering your favor the momentous step proposed the 
Society looking partnership arrangement with its sister Engineer- 
ing Societies. The subject has been much thoughts, and 
between the conservatism natural veteran, and recognition 
progress law healthy development, find hard come 
concrete conclusion. The project has much commend it, 
and wisely carried out, will think strengthen public appre- 
ciation the professions which modern civilization has been 
built up. Our Society has had phenomenal career and has been 
built standard membership that unique among Am. 


Letter from 
Alfred 
Boller. 
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Letter from 
Thomas 
Keefer. 


have been wisely financed until our resources have become most 
substantial, and increasing steadily. ourselves not need the 
gift, and will continue grow long the present policy and 
traditions the Society are maintained, and the first impulse 
let well enough alone. there broader view and re- 
sponsibility the profession Engineering whole, which 
are now practically only subdivision? think there is, and in- 
clined endorse great Union Building certain conditions, having 
view our greater financial responsibility, which fully twice 
great all the other Societies combined. 

Our position the representative Society Civil Engineers 
must maintained, just now is. 

The ground rent (Mt’ge) while probably safe Carnegie’s 
hands, after gone may source future trouble—unless 
makes provision that shall never made danger ground for the 
‘combination.’ this can done, goes long way toward elimin- 
ating the financial inequality and unequal responsibilities the 
Societies. 

Absolute separation from the Engineers’ Club any mixture 
whatever with that Social organization that would group one 
the Engineering Societies.’ 

fund must absolutely separated, that the Engineers’ 
Club does what likes with the part dedicated its purposes, and 
and the Engineering Societies with theirs. The buildings must 
separate and distinct, and way mixed up. The Engineers’ 
Club such must not the Board Trustees management 
the Societies’ building. Iam strong opinions this branch 
the subject, the Engineers’ Club seems very aggressive 
instructing the Engineering Societies what they should do, and 
manifest expectation being established collateral branch 
the Technical Societies.. course would mighty good thing 
for the club, but should guarded against. matter fact 
have never been more puzzled just what should do. hate 
the thought giving our building and separate independence, but 
the younger men and changed conditions must fairly considered. 
But would make Sine qua non’ that the conditions the ground 
rent should such that time could the property foreclosed, 
nor the Societies ever restrained the full enjoyment the 
building, should conditions any time arise, interfering with the 
paying interest either whole part.” 


further sent this letter the Past-Presidents the Society who 
are living, and had not already publicly announced their conclusions, 
thought they were men who ought know something about it, 
and have opinions that were worthy consideration. reply Mr. 
Thomas Keefer wrote 

agree with your view the position. You have nothing 


whatever gain and very much lose merger. would 
like abandoning Home for Hotel. 


nothing, not even Library, that you could afford 
hold common with other independent bodies, there would sure 
arise dissension out the joint use apartments held common. 

have succeeded having ‘thrown out’ the Private Bills 
Committee Parliament here, Bill incorporate ‘Dominion 
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Institute Amalgamated Engineers’ showing that the Canadian 
Society provided, does the American, and the British Institution, 
for all classes Civil Engineers.” 


Another Past-President, Mr. Octave Chanute, wrote thus: 


first impression was that the American Society Civil Engi- 
neers might lose much disposing its present building, that 
was well provided for and well off financially, that could afford 
abstain from participation, and thus allow other Engineering So- 
cieties not mentioned, such the Naval Architects and Marine Engi- 
neers, the Military Engineers, the Engineering Education Society, 
avail, with the three other National Societies mentioned, 
Mr. Carnegie’s magnificent gift, for which all members the Engi- 
neering profession must protoundly thankful. 

second thought was that the holding aloof the American 
Society Civil Engineers might impair Mr. Carnegie’s intentions, and 
that the first requisite step would learn his views. 

Your statement that the proposal involves the purchase half 
million dollars’ worth land the connected organizations further 
modifies opinion. Moreover, Isee Engineering News May 21st, 
just received, that Joint Conference Committee the Societies in- 
terested has passed certain resolutions recommending action the 
several organizations, and that the plan involves separate building 
for the Engineers’ Club. not understand that proposed 
merge all the different Societies into one, but that the proposal that 
the National Societies shall occupy one common building, and the 
Engineers’ Club another. seems that acceptance depends 
upon the adequacy the scheme devised for the ownership and 
management the property acquired. The schemes hitherto 
suggested may objectionable, but think one can devised. 

believe therefore that effort should made that direction. 
little sympathy with the feeling that any one Society has 
higher professional standing than another. Existing facts and con- 
ditions will, however, have recognized, and indeed, believe that 
those enumerated you would warrant the American Society Civil 
Engineers taking the lead, even this involved some pecuniary 
sacrifices its part. glad note that the first step recom- 
mended obtain plans and estimates from Architects for the 
buildings. 

believe that the land for the Engineering building should 
owned separate corporation, whose stock should taken such 
ratios may agreed upon the various. societies interest, 
view their probable use financial ability. That each society 
should remain entirely independent managing its own affairs. That 
each should occupy much the building actually needs, with 
proper regulations the alternate use the larger auditoriums 
but seldom occupied. That the libraries should 
kept separate, but with provision make the books accessible 
members the other Societies. That each should pay rent upon 
much the building uses. That other Engineering Societies 
should also admitted joint consent, and should also pay rent. 
That provision should made for the future growth each Society 
and consequent changes the accommodation required. That inas- 
much not all the available space would needed first, and 
the annual interest and taxes (for not believe that the latter could 
should avoided) might aggregate more than the present interest, 
taxes and rentals incumbent upon all the Societies put together, the 


Letter from 
Octave 
Chanute. 
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surplus space should rented Engineering tenants acceptable 
the Societies. That the profits should kept small, and that, any, 
they should divided back among the stockholders (the Societies) 
the new corporation, which might managed either directors 
elected the usual way trustees appointed the various 
societies upon some agreed basis. 


but rough-cast scheme, made the spur the 
moment, and hope that better one will produced.” 

Mr. Chanute’s idea, you see, involves much more comprehen- 
sive scheme than the one now proposed. Hesuggests huge building 
enterprise which the American Society Civil Engineers shall take 
the lead and enter into speculation foreign the purposes for which 
organized, and involving the expenditure much greater 
sum than now proposed placed its disposal. 

Mr. William Metcalf, another Past-President, wrote follows: 

heartily sympathy with your views far they depre- 
cate any move that would jeopardize the independence and the high 
professional standing the Am. Soc. Civ. Eng. Would not 
possible, however, safeguard the standing the Society and the 
same time secure better located and better quarters great center 
engineering 

The most serious mistake mind the including the Engi- 
neers’ Club any way. Itseemsto that that feature ridiculous. 
opposing any arrangement for general engineering center, that 
would come with bad grace from Past-President one the other 
societies and Past Vice-President the third. 

you ought publish your views Eng. News and not 
let the argument all one way.” 

The next our Past-Presidents, chronological order, the 
distinguished ex-Chief-of-Engineers the United States Army, Gen. 
William Craighill, whom the Society was glad honor admis- 
sion its roll Honorary Members, seven years ago, after eleven 
years active participation the advantages membership. have 
seen letter from Gen. Craighill opposing the present scheme, and 
supposed that would presented here. response letter, 
wrote: 

have been away from home and otherwise prevented from 
writing suitable letter the subject accepting the Carnegie offer, 
but quite willing quoted preferring separate establish- 
ment for the Am. Soc. E., just best for family 
live its own house and independent, 


Mr. Alphonse Fteley, another Past-President whom wrote, 
preferred send his communication directly the Board Direc- 
tion. You have heard read the Secretary. 

Mr. Robert Moore, another and the latest our Past-Presidents, 
wrote: 

When Mr. Carnegie’s offer was first announced, had the feeling 


that generous and munificent gift ought accepted 
could possibly so. 


But have thought since then the probable even pos- 
sible gains the Am. Soc. the proposed union have become 


Discussion 
Joint 
Engineering 
Building 

Letter from 

Metcalf. 

Letter from 
Robert Moore. 


FULL THE BUSINESS MEETING. 247 


more and more shadowy whilst the losses have grown certainty and 
importance. 


Amongst the gains larger and more imposing meeting room 
and the ability more readily meet the members the other engi- 
neering societies. The larger meeting room, however, will hardly 
needed except once year the annual meeting and this need 
can more cheaply provided for the use Carnegie Hall 
additional story our present buildings. And afford oppor- 
tunity for meeting members other societies now the special 
function the Engineers’ Club and hardly anything else seems 
for. 

the other hand, the plan proposed, the Am. Soc. will 
obliged give its present home, over which its control abso- 
lute, and take other quarters which will have only one-fifth 
interest and which its movements will always subject compli- 
cation and control others whose views and interests will not the 
same ours and may adverse. 

merger the libraries the different societies which has 
been suggested is, think, distinctly undesirable. this point 
St. Louis have had good deal experience. The Engineers’ 
Club which started out with its own library made, some years ago, 
arrangement with the Public Library which the latter, consid- 
eration the payment large part the annual dues the En- 
gineers’ Club, and the placing its books the Public Library, 
agreed furnish the Club meeting room and buy such engineer- 
ing books and periodicals the Club might designate. After 
number years’ trial the arrangement proved unsatisfactory and the 
Club withdrew from it, but without being able withdraw its own 
library. arrangement was then made with the Mercantile 
Library. But after few years’ experience this too proved failure, 
and the Club withdrew quarters its own and began again the 
formation its own library, which not likely ever again give 
up. The Medical Society and the Academy Science St. Louis have 
had experiences which, though not identical with that the Engineers’ 
Club, teach the same lesson, viz.: that the small special library fills 
place that can filled nothing else. 

the same way think that anything looking merger 
the different engineering societies would serious not fatal 
take. The fact that these younger societies have been organized indi- 
cates that there sufficient reason for their separate existence which 
any sort organic union would defeat. But unless there can 
organic union the proposed union building will tend promote dis- 
sension rather than harmony. isa matter universal experience 
that between different families harmonious relations are best promoted 
and maintained not living under the same roof. 

the standpoint the Am. Soc. Civil Engineers, there- 
fore, can see advantages which will compensate for the loss our 
own home and our complete autonomy.” 


letter just received from Mr. Moore, which the President has 
handed for use this connection, says under date June 

disposed find reasons for accepting Mr. Carnegie’s 
generous offer, have been unable so. 

are such good condition now that have much lose. 
the several societies were united one great organization should 


Letter from 
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Union the societies impossible and the whole, think, unde- 
sirable. 

But without organic union the proposed housing one build- 
ing not owned either will think entanging alliance that 
will produce friction and discord and not harmony. the sort 


experiment which with different families almost sure disas- 


also wrote Mr. John Bogart and Mr. Francis Collingwood, Past 
Secretaries. Mr. Bogart has replied telegram here advising 
careful consideration the questions the Board Direction and 
submission letter-ballot the Society. 

Mr. Collingwood wrote: 


first thought the prospect magnificent building de- 
voted the uses the several Engineering Societies very capti- 
vating. 

can see, however, that the case our Society might 
obtained too high price, even though there actual outgo. 

There much the absolute quiet and restfulness the present 
building which could hardly maintained the one proposed. 

merging the libraries, while enlarging the scope, might not 
prove unmixed blessing. 

several Societies being placed par, far the 
ownership and occupation the building are concerned, certainly 
would have tendency lower, the eyes the community, the 
standing the Society regards the professional qualifications 
required members. 

The one thing that seems attractive the scheme the provision 
meeting room large enough for all occasions. Our own room 
already too small times Annual Meetings. For everything else 
there room enough where are for some time come. 

caravansaries are never favorable study and useful 
thought; and think should know fully the complete details the 
new scheme. and able study all its bearings before coming 
conclusion.” 


also wrote the living Past Vice-Presidents the Society who 


had not already publicly expressed their opinions, and received 
replies follows: 


Mr. Joseph Davis, one our most honored members, noted for 
the judicial quality his mind, wrote thus: 


enter into any partnership with other Societies for joint ownership 
building. 

cannot imagine that the thought doing will entertained 
any large number its members. 

not wish submerged. Your arguments against such 
action are sound.” 

Mr. Charles Hermany, old and honored Past Vice-President, 
wrote thus: 


Your letter contains the first correct information have received 
upon the subject. this not imply that that which has 
been already printed incorrect, but must permitted con- 
sider that some has been premature, not irrelevant; fact, the 
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oracles seem some cases have left their temples, and upon the 
hustings and the daily press have tendered their auguries with 
freedom and profusion which fails admiration. Someone should 
call these divinities back their temples Broadway and those 
other marts our country. 

commercialism which has recent dominated some 
extent the engineering profession its various activities has hereto- 
fore, and does now, threaten the survival the professional engineer, 
pure and simple; and while this present movement, following closely 
upon the after-dinner speech Mr. Scott, may not stroke 
radical commercialism aimed what your and experi- 
ence professional character, is, nevertheless, for the time being, 

present inclination let the matter rest, with grateful 
acknowledgment Mr. Carnegie for his offer, which was undoubtedly 
prompted the best motives; the same time, such course 
would conservatism, the wisdom which would questioned 
many, especially the younger members our society. behooves 
us, therefore, consider the matter carefully, and not know but 
what might wise have the question discussed the Asheville 
convention. Moreover, should always bear mind the valuable 
contributions practical engineering literature that have come out 
almost pure commercialism engineering. 

Inasmuch have had less than two weeks’ time consider this 
movement publicly, and because other engagements, not 
fully informed nor prepared write more definitely upon the subject. 
brief, consider the movement character similar those made 
heretofore, but one infinitely greater potentiality, and one that 
cannot consider trivial event. would take the prescience 


seer perceive and express all that seems involved this 
present 


That sums this question commercialism professional engi- 
neering. The commercial element very strong some the sovie- 
ties which proposed give union building. They are 
technical societies, true, but there are many members who are 
inventors and manufacturers and dealers commercial articles who 
not take the professional view that the civil engineer does, and 
cannot take it. Now, our conventions and all our meetings 
have carefully excluded anything the way commercialism. 
not allow the Transactions papers especially advocating personal 
interests. not allow, our conventions meetings, inventors 
manufacturers exploit their wares and solicit custom. 

That done the American Water Works Association, which 
very similar, some respects, the other societies, and not 
know why Mr. Carnegie did not include that his gift, unless there 
were members the Engineers’ Club present that time who 
were members the American Water Works Association; but 
have always excluded that, and not want have intimate 
association with that class society, nor want have 
rooms provided the building for the display commercial pro- 
ducts. not want have the prevailing sentiment that 
building such exists the Engineers’ Club, and concerning which 
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prominent member our Society, and member the Engineers’ 
Club, and the Chief Engineer large enterprise, told few days 
ago that had been member that club for some time, but did 
not there now because wanted get away from business when 
went club; that wanted enjoy himself, and went 
into the Engineers’ Club had somebody running him and trying 
sell stop-cocks, rails, bolts, all the time, and that the con- 
dition that would get into, and you cannot get away from it. 

Mr. Carnegie does not give this thing one two three 
four; gives the five for union building for them all, and they 
cannot divide that building under that deed. preposterous 
suppose that under that deed the building can kept entirely 
separate, when Union building which erected, that 
the proposition made Mr. Carnegie now not one which the 
American Society Civil Engineers can. accept any way; and that 
proposition addressed personally and not collectively—by 
personally, mean the Society alone, the American Society 
Civil Engineers. 

Now, this Society, seems me, must and ought address Mr. 
Carnegie respectful letter stating that they acknowledge his gift 
with thanks for the kind feeling expressed, but that the whole senti- 
ment and reason for being the American Society Civil Engineers 
forbids associated the same terms with purely commercial 
and social organization.. would Mr. Carnegie then say 
what wanted do, and doubt all that Mr. Carnegie 
would see it, because good business man himself, and has 
associated great deal with professional men, and knows pro- 
fessional feeling; but would see, that was put before him, and 
brought before him that way, that were right and that had 
been misled this offer. The offer stands now, however, not 
one which the American Society Civil Engineers can possibly 
accept all until the terms the gift are changed. 

Mr. Samuel Whinery, who was Vice-President 1893, writes 
follows: 

the first place, the whole scheme yet too vague enable 
anyone form intelligent opinion upon the subject. need 
know considerable detail the plan proposed carry out. Par- 
ticularly necessary know what responsibilities the Society 
expected assume, and what liabilities will incur joining 
the project. While may indulge some sentiment upon the sub- 
ject, must considered primarily business transaction and 
upon its merits. The Am. Soc. has heretofore followed wise 
and conservative policy which has resulted large degree busi- 
ness prosperity. cannot now afford change that policy, order 
accept this magnificent offer Mr. Carnegie. must consider the 
matter deliberately and fully, and this will require little time even 
after all the necessary data are hand. 

idea the project attractive and seems reasonably cer- 
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tain that our Society would benetited number ways 
could carried out satisfactorily. the other hand, certain 
that the plan will many respects disadvantageous the Am. 
E., however beneficial may the other Societies. 
not possible for me, with present information, strike balance 
determine which side the account will be. 

general proposition inclined favor the project. 
Furthermore, think that our Society should willing make some 
sacrifice the interest her sister societies, provided the sacrifice 
not too great. 

should strongly oppose anything like organic even work- 
ing union the societies. would make cardinal requirement 
that our Society must maintain its separate and independent existence 
just The relation the several societies would then 
simply that joint tenants the proposed building. not 
see how such relationship could seriously affect the character and 
standing the Am. Soc. lower its standards and dignity. 
would continue the same society under the same manage- 
ment now, but the location our headquarters would changed, 
and would have the new location certain increased facilities, 
such commodious hall for large meetings, and good restaurant 
close hand from which refreshments could served, and where 
members could conveniently get good meals. 

the stipulation named above—complete independence 
organization and management—the question discussed is, 
said above, one simply business and expediency. 

will the cost interest and maintenance? 

What disposition can made our present house? 

sold, how, and upon what terms can the proceeds invested? 

what extent will the Society incur actual and contingent lia- 
bilities? 

Will the new location better poorer than the present one? 

Will the advantage joint building and the facilities will 
offer, overbalance the disadvantages the change? 

are mind the important questions considered; 
and they cannot intelligently considered the present embryotic 
state the scheme. What need now definite detailed project 
the proposed enterprise, upon which base opinions.” 


The writer this letter clearly not haste accept the gift 
and postpone scrutiny its details. 

not wish tire you detain you. There are not many other 
letters, except these. have been told that the sentiment the 
East was unanimously favor this proposition. 


Mr. Samuel Gray, Providence, Past Vice-President 
the Society, and writes: 


feel indebted you for favoring with clear and impartial 
view the proposed ‘merger’ project. 

Certainly, all must appreciate and applaud the noble, disinter- 
ested, and philanthropic spirit which has prompted Mr. Carnegie 
make his munificent offer; and must assuredly give the societies 
needing and meriting assistance, newness life; fresh encourage- 
ment the fulfillment the objects and purposes for which they 
were organized, and that they have been able but partially, perhaps 
feebly, hitherto, attain. 


Letter from 
Gray. 
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But while this may true, and doubtless is, regarding one 
more, perhaps all, the other organizations you mention bene- 
ficiaries the scheme proposed, cannot said the 
American Society Civil Engineers, and desire say that believe 
the American Society has but little, anything, gain and much 
lose favoring the ‘merger’ proposition.” 

Mr. Charles Macdonald, Past Vice-President, says: 

have read your letter with great deal interest and have 
given the most careful consideration. 

Let say, the first place, that consider you have not only 
presented ‘fair statement the case,’ but admirably clear and 
logical description the relations which exist, the present time, 
between the organizations referred to. Nevertheless, Iam compelled 
urge upon you the importance wisely and patiently investigating 
the possibilities the future development the profession, before 
committing yourself the belief that the American Society Civil 
Engineers will always hold first place. For own part, have 
never held the belief that the Engineer required any qualifving 
adjective designate his rank. the earlier stages development, 
true that the necessity seemed exist for proper distinction be- 
tween the designer and constructor Engineering work and the skilled 
mechanic who could operate it, and such Engineering work was 
general carried out commercial lines, was natural that the con- 
structor should called Civil Engineer, distinguished from 
Military Engineer, from the mere mechanic, who operated the work, 
after construction; butin the process time, has become evident that 
the differentiation activities grouping themselves under the general 
head Engineering, cannot for long restrained, under any designa- 
tion which does not permit comprehensive title, for the man 
who utilizes the forces Nature for the benefit hisfellow men. 
within century, have been utilizing forces Nature, 
were comparatively simple application, but with the invention 
the steam-engine new line activity presented itself and now the 
Mechanical Engineer has acquired right the use qualifying 
adjective, long such distinction considered necessary. 
came the utilization electric energy, which are yet but 
upon the threshold. Judging, however, the tremendous strides 
made late, who shall say what the future that branch the pro- 
fession shall and whether the infant society to-day shall not 
over-shadow all the other societies, the near future? 

for one, not feel like taking the risk waking some day 
and finding the dear old E., which you and have helped 

build up, forced into the background Engineering progress, 
child to-day, but child endowed with all the power and potency 
illimitable growth, and the sooner recognize the better. Now, 
you will naturally say, what scheme have you suggest, whereby 
this offer Mr. Carnegie can turned the best account. This 
not easy question answer andI have not had time yetto consider 
all the reasons pro and con involved, but can see mind’s eye, 
deeply engraven stone, over the capacious entrance the building 
which be, the superscription, 


Institute Engineers 


and firmly convinced that the leading men our several organi- 
zations will able work out plan under which each may maintain 
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its individuality this temple applied science, and yet all will work 
for the general good the profession, which love 
well. 

Now, the about Mr. Macdonald that does not under- 
stand, has not got the meaning civil engineering. not 
engineering with adjective. isasthe Germans write it; 
engineering,” all one word, and what Thomas 
Tredgold said, his well-known definition, the art direct- 
ing the great sources power Nature for the use and convenience 
man. Now, that includes all the branches engineering, and the 
term Civil Engineering not, and not generally understood 
be, applicable any one branch the profession civil engineering, 
The tendency is, know, among certain classes, among men who are 
not members this Society, say that the civil engineer simply 
man who does not belong one the other special societies; that is, 
engineer, when civil engineer. That entirely incorrect, and 
the general impression, the general sentiment the profession not 
thus expressed. know what would happen after the devel- 
opment the electrical engineers, but think Mr. Macdonald looks 
forward the day when the American Society Civil Engineers will 
‘‘dissolved into multitude revolving electrodes,” which Sir 
William Crookes thinks will the fate all matter. 

show you that the sentiment the Society not universally 
favor this movement, will read letter from Past Vice-Presi- 
dent the Society, the State New York, Mr. Robert Cartwright, 
Rochester. writes: 


heartily accord with your views the matter. 
Society this country, are the only one that knowledge 
of, that insists maintaining standard which regulate the 
acceptance its members being qualified for such position. 
preserve that standard intact has always been aim official 
connection, that its status should maintained among the best 
organizations Europe elsewhere. affiliated with the 
E., not enough that man should good fellow, the 
case some societies, but that his professional experience and his 
integrity, should found worthy his professional brethren and 
honored being elected membership the Society, based upon 

honor Mr. Carnegie for his disinterested generosity his efforts 
benefit his fellow men, and can see how self-appointed, interested 
parties might make appeal his better nature that would impress 
him favorably, but cannot endorse project that embraces all kinds 
and conditions societies, whose only claim recognition body 
organized under some scientific appellation, and whose members are 
absorbed without any regard standard merit. you justly say 
there are many men such societies who are the peers any the 
long they are not selected basis high that required us, 
certainly would not equitable that should into partnership 


Letter from 
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The Engineers’ Club purely Social Club and can’t 
see that they should become participants Mr. Carnegie’s generous 
whole civilized world power. have our library and our prop- 
erty and are self-supporting, and does not strike favorably that 
should lower our standard qualifications and throw all this into 
common fund participated all societies, however ephe- 
meral social scientific, that may from time time come into ex- 
istence. Our Society made material from all branches the 
engineering profession evidenced our Constitution Article 
Section and certainly broad enough take any person possess- 
ing the necessary qualifications. either something nothing, 
and should emphatically oppose our being merged into conglom- 
erate mass that made any and everything, named the pro- 
moters for the purpose being fostered and supported the large- 
minded, generous Andrew Carnegie. honor him intensely and be- 
lieve were the thing properly presented him, would perfect 
the scope his donation that its future would great one, 
lated improve the profession and still retain the exclusiveness per- 
taining ability and integrity. When his beneficence absorbs social 
clubs, al., certainly would not confer any honor become par- 
ticipant. 

regret inability attend the Asheville meeting order 
participate discussion this subject, but think that the sober 
common sense the will result just solution the 
question.” 


After writing that letter, Mr. Cartwright would good 
thing see what the Rochester contingent the American Society 
Civil Engineers thought it, and they all signed it. 

heartily concur the foregoing.” 


Brown, 


Mr. Peterson, Montreal, another Past Vice-President, 
writes: 

regard the amalgamation the various bodies Engi- 
neers and others the City New York, consequent upon the offer 
Mr. Carnegie million dollars put Union building, 
very much opposed such amalgamation can not see 
what the Am. Soc. gain it, and can see very much 
what shall lose—viz., the management our affairs, and the 
prestige which have gained which should enough keep 
out any scheme Union unless the terms are very different from 
what suppose them be.” 

Mr. George Benzenberg, Past Vice-President, writes thus: 


not yet fully understand what degree these Societies are 
unite carry out the proposed merging their property interests, 
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and whether the affiliation such nature partially 
obliterate their characteristic individuality. 

the scheme contemplate this latter proposition, other 
words, remove the restrictive requirements this Society, should 
think that not any its members would consider such scheme 
seriously. proposed that each the five associations shall 
contribute one-fifth towards the purchase the real estate necessary 
for the building, seems the burden might become too great 
for some them assume, while, the property paid for 
upon any other basis, the tax might become too great for the others, 
besides which the unequal interests thus created may time, with 
the more rapid growth one the other, become unsatisfactory. 
These matters must all considered guarantee such 
alliance satisfactory all parties concerned the future 
well the present time, the partnership cannot hereafter 
dissolved without sacrifice one the other party. 

definite action towards entering this combination should 
therefore taken this Society until definitely established 
upon what basis unite with the other Societies, what obliga- 
tions assume and how its interests, acquired, are pro- 
tected and administered. member has personal interest 
this question and should permitted voice his conclusions after 
having been fully advised the proposition and the obligations 
assumed. 

quite natural that difference opinion should arise among 
the different societies regarding this matter well among the mem- 
bers our own Society, notwithstanding each has the best interests 
the Society mind and entirely sincere and unselfish while 
formulating such opinion. 

whole subject present undoubtedly surrounded 
great deal pardonable sentiment, but before long must naturally 
resolve itself into simple business proposition, and order that the 
alliance, contracted, may always, individually mutually, fair, 
comprehensive, agreeable and beneficial well permanent, 
necessary that given unprejudiced and deliberate consideration 
before any entangling obligations are assumed any the parties. 

question cannot justly disposed there were noth- 
ing stake aside from participating most generous contribution. 
Joint financial interests are not always conducive maintaining the 
most pleasant friendly relations, unless they are previously well 
defined and determined. 

seems the most vital question not what conveni- 
ence may secured the Societies and their members through the 
munificence the engineering profession, but 
what can done permanently advance the interests, standing and 
recognition which due it. 

deliberate and exhaustive investigation previous arriv- 
ing conclusions the safeguard successful Engineering. would 
suggest that this principle applied here well, there certainly 
haste required this matter. good thing will keep.” 


The last letter which will ask your attention from Mr. Letter from 


Rudolph Hering, Past Vice-President. writes: 


acceptance the generous gift Mr. Carnegie, stated, 
more degrading our Society than similar gift Universities 


Rudolph 


Hering. 
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and other institutions learning. think hardly fair say that 
our ‘Society not educational institution, but association 
men who have acquired such education.’ What the purpose 
except for spreading knowledge and learning, and why 
read papers our meetings and publish them, except instruct 
our fellow members regarding our own research experiences? con- 
fess that have never attended meeting without learning concerning 
some engineering work, and whenever this education among our mem- 
bers should cease, our Society, seems me, would become mere 
social club. Although such aclub excellent itself and for its 
special purpose, trust that adopt its functional character will 
never become the policy our professional Society, which has for its 
main object ‘the advancement engineering knowledge.’ 

The second point your letter the statement that incon- 
sistent for our Society associated the same building with other 
organizations having lower standard membership. fail see 
that any way harmful member any branch the pro- 
fession associate with others who are either younger, less experi- 
enced less well informed our own special line work than 
are ourselves. whose mind open advancement will find 
instruction from every progressive and freely developing mind, even 
though younger and less experienced. You write that the general 
public will assume that persons associated the same building 
must necessarily all stand the same professional plane. think 
this will more the case than the assumption that the members 
any single one our societies all stand the same plane, although 
enrolled different classes membership. 

Very few engineers who not wish and expect improved 
some ways their new associations ever join professional society 
all but very few will the newintercourse. the American 
Society Civil Engineers maintains the highest grade membership, 
think closer association with other societies would have the effect 
rather gradually drawing the grades others upwards than ours 
downwards. Sivce the birth our own, the oldest the societies, 
this gradual upward tendency has been quite apparent its succes- 
sive constitutions, and the highest limit hope has not yet been 
reached. The other societies will doubt develop the same tendency 
and, consistent with the more rapid recent progress engineering, 
they may develop even more rapidly than did when younger. 

The proposed union limited practically the housing and 
the material and social interests. not extended the pro- 
fessional interests and professional work. not see any 
fundamental difficulty gathering the several branches engineering 
under one roof and yet preserve the fundamental characters the 
respective constitutions. 

only difficulty, believe, lies the business aspects 
equitably dividing and arranging the respective properties and their 
management. Mr. Carnegie proposes divide his donation equally 
among the societies, which would have the effect increasing the 
present property each one definite sum. The American Society 
Civil Engineers being present the largest and wealthiest the 
several societies, could adding from its own funds have the largest 
quarters and any special conveniences which desires and for which 
can pay. would own for itself just what puts into the new and 
common property. The libraries and much the other present prop- 
erties could remain now with each society. The auditorium common 
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allthe societies could made larger, handsomer and more suitable 
than possible each society house. would used 
more frequently, the gathering place all visiting engineers and 
become atemple American engineering. 

far, see reason why suitable committees could not arrange 
the business end such joint occupation, order secure fair, 
just and satisfactory system housing the societies under single 
roof, preserving each one their present full independence wherever 
this necessary and proper. Nor any reason why govern- 
ing body, elected proportion membership, would not properly 


represent the societies separately and whole, and properly manage 
those interests which are common. 


see good reason, however, for drawing distinct line 
between the professional societies and the social club. understand 
the intention having for the latter entirely separate build- 
ing, although adjoining, and this arrangement should obviate the 
criticism close union with, you say, ‘an unprofessional, social 
and commercial organization.’ 


For one, would willing trust representative committees 
each society make careful investigation the subject all its 
bearings, and after full discussion between such committees, and 
after all aspects are presented the members all the societies, 
should also trust ballot decide the proper policy.” 

regretted that commenting the propositions sub- 
mitted, Mr. Hering should have based his remarks largely upon sen- 
tences which has quoted only part, and convey 
very different meaning from the complete sentence. 

regards education, all agree that, certain sense, all con- 
versation and intercourse between men educational, but society 
like ours cannot, opinion, properly termed Educational 
which regular courses study are pursued under the direction 
persons skilled particular branches learning and possessing the 
faculty imparting information students, and examining them 
find out how much they have absorbed. not consider the term 
applicable association experts co-ordinate branches 
science for the purpose exchanging their ideas and experiences. 
The members such association not the feet Gam- 
and accept the law lays down, but they have Gamaliel 
down the floor with them and question and criticise his dicta, and 
probably teach him much teaches them. 

for elevating the tone other societies simply having them 
under the same roof, fail see how this can accomplished. 

the proposition that the technical societies should kept 
entirely separate and apart from the social and commercial element, 
the only reply that the gift for union building, and the 
promoters the scheme, speaking the advantages the 
location, speak its fronting Fortieth Street and Bryant Park. 
That the front door the Engineers’ Club. get the Engi- 
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Discussion building you have got through the back door the 


Engineering 
Building 
(continued). 


Engineers’ Club, proposed. 

not know that have any definite proposition make 
the subject, but think that the proper method would be, 
have indicated, for the Society write respectful letter Mr. 
Carnegie stating that appreciate his gift, but that the conditions 
attached the gift are such that the Society cannot consistently with 
its professional standing accept it. (Applause.) 

Am. Soc. E.—Mr. President, Ladies and 
Gentlemen: have heard some strong testimony from Mr. Croes 
and the people did write to. want ask him can give 
the opinions lot the fellows did not write 

AsI happen bea member all five these organizations, 
feel might able look the matter impartially, and 
though could see the difficulties that surround this question from 
various standpoints, 

not pretend say that want jump right into the arms 
the present committee and Mr. Carnegie, and swallow the whole 
thing just asitis. that requires consideration, but 
want answer, briefly can, three four things that have 
been there too much tendency this Society— 
have heard rumor, and begin feel this afternoon 
there might some truth it—to think are use slang 
expression—and that all the members the other societies who are 
engineers practicing their various vocations would only disorganize 
and become members this Society, this would the great Society, 
and all would right. that could done would gladly help. 
not know what the proper name would be. The name suggested 
Mr. Macdonald, The Institute Engineers,” would good 
taste, but not hope live long enough hope some- 
body another generation will see one organized that way, with 
all the smaller societies forming chapters greater body, but 
can hardly hope for that now. 

The great pity that this plan proposes face the building 
two streets and not Fifth Avenue. ought have large 


-building, beautiful architecture, bounded streets two three 


sides least, but cannot get that now. The only question 
the practical one, shall take this magnificent gift for our Society, 
will consider that the entire independence which the Society 
now has may counterbalance that two hundred thousand quarter 
million which would our share. so, well and good; but 
there are other reasons why cannot afford let this gift go, and 
give the other societies. 

think there mistaken opinion among good many the 


‘members this Society who not happen belong the other 
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societies and not their meetings, about the character the 
other societies. not true that they are places where goods are 
bought and sold, like some the Railroad Associations. the 
Mechanical Engineers’, the Electrical Engineers’ the Mining Engi- 
neers’ Societies there nothing that kind. know the character 
the papers which are presented and the discussions thereon, well 
the character the members the Mechanical Engineers, and 
high the Civil Engineers. There much science and 
much intellect there here. They are men the world and they 
stand high socially. the Electrical Engineers they are men who 
carry special work requiring much learning. The Mining En- 
gineers, unfortunately, have some members who are not scientific men, 
but those who are not there for commercial purposes, and they 
are men high grade, good training and high talent for engineering. 

want thoroughly understood that are all going together 
not case one society taking all the little beggars nurse 
them and care for them; not question the lump” 
has been said. Wedo not want the feeling grow that they are 
affiliating with this great and grand old Society. nothing the 
kind. the feeling that has been with many for many years 
throughout the engineering profession this country, and not only 
the profession itself but the eyes the whole engineering world. 
should overlook our petty jealousies and work together more, and 
get that-harmony action and more intimate acquaintance with each 
other which need come nearer together,—and, after all, regard 
this whole matter simply geographical. bad for people simi- 
lar business too much separated. You cannot thestock busi- 
ness New York City four five stock exchanges miles apart, and 
all trades and businesses. Concentration the modern thing. 
Bring people together where they will see each other and where they 
may work with each other and work together. Therefore 
societies near together. they were four separate buildings con- 
nected with tunnels under the street, that might ideal thing. 
not, then have one building and have situated and arranged 
such way that are not treading each other’s toes, having our 
own privacy, but yet being near together. not merging 
societies. merely question policy and expediency, and 
matter bringing together where may get and more good 
each other. 

man may now bring friend from the West New York, and 
may have but little time his disposal. Perhaps goes into the 
Engineers’ Club—and the way, have great respect for this 
Club, notwithstanding the statement that the high-balls which they 
have there are driving all the juniors early grave—but should 
able call the Society Houses also, without traveling all over 
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town. say that Iam sorry the thing has taken the shape that 
has here. know most the men who have gotten the thing 
started—Mr. Scott and the others—and think that they deserve 
great deal credit for doing what they have done. There nosecret 
conclave; there big committee appointed for all the socie- 
ties, and all interests will watched carefully. That Committee 
must trusted what right. 

Mr. Carnegie knows that the club not technical society, but 
purely social club, though containing many engineers. chooses 
give present, let its building owned itself. The other 
building, anyhow, merely abuts the Engineers’ Club. Let the 
four societies come together has been often proposed, and the 
fact that the Engineers’ Club close them will great advan- 
tage. 

man comes New York, stranger, and goes hotel; 
and wants meet engineers, and inquires where the 
engineering people can found. told that the Electrical Engi- 
neers are down town, the Civil Engineers are mile the street, and 
says, Street; that too far; haven’t time there. 
Where can meet and so?” 

has been said that this Society will get only one-quarter one- 
fifth the property. That not so, because will get share 
enormous hall, perhaps more than our exact proportion (laugh- 
ter). The reason the Mechanical Engineers have out and hire 
hotels because they cannot use theirown rooms. Their hall not 
big enough. Let hall that big enough for anybody and 
for any kind engineering meeting. can let out the Asso- 
ciation for the Advancement Science and other big societies here 
and from abroad. will place where all Science can have its 
headquarters. Let have There may not another 
chance. 

This Society should not take too much credit because happened 
born first, but had better look out not get the back seats 
too much delay. 

Now, about other societies coming and backing out afterward, 
not paying the interest their share the loaned money, there 
could arrangements made, think, force them give their 
holding. they are bankrupts they cannot stay there, and 
not want them. Why can’t they out and leave the property the 
rest us? 

think that ought look this whole thing from larger 
standpoint than any have done yet. What would the effect 
the engineers this upon engineers Europe and 
all over the world, this Society holds itself close that cannot 
come with the other societies? Those societies are great, growing 
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and enterprising, and recognized all over the world. They come 
together and accept this magnificent gift and run the thing, and 
increases and becomes famous, will, and this American Society 
Civil Engineers cannot afford left out. 

therefore favor this resolution except that wish 
offer amendment it. not remember the exact wording. 
Mr. Hunt will doubtless supply with the clause, the portion where 
says that the Board Direction shall instructed examine into 
the feasibility, etc., and then issue letter-ballot. What the exact 
wording? 

Tue had better read over. 

(Resolutions read. See 226.) 

Mr. that last resolution but one, where says Re- 
solved, that they send letter-ballot,” offer, amendment, insert 
the words within sixty days.” that not proper can make 
more, but what have fear this matter that the thing will 
delayed—hung up, speak—and for months and months. 
The other societies have acted promptly, good spirit. Mr. 
Carnegie man business, and wants business, and 
quickly. don’t want linger. should send out this letter- 
ballot and find out what the Society wants. The members this 
Society must rule, and can thus find out, and soon. 

Board offers the resolution the Society 
for adoption. 

Mr. offer that amendment. 

question before the house the adoption 
the resolution reported the Board. 

Am. Soc. E.—If may pardoned for insert- 
ing one word facilitate this thing, suggest that this gentleman’s 
amendment received and laid upon the table and taken 
advanced stage this discussion. have gotten along the 
afternoon and have endeavored concentrate our attention the 
remarks the gentlemen who have prepared themselves fully give 
information pro and con, and for part, not feel that Iam 
physically able act intelligently this thing brought vote 
now, and begin take one amendment after another and 
discuss for what may worth, good bad, will long 
time before get the subject which germane the whole dis- 
cussion, and that the resolution which the Board Direction has 
offered for our action. last, that the thing are going 
get to, and that the thing are going discuss. When that 
time comes hope have the opportunity express some views 
the subject myself, and when do, want ask that they may have 
careful consideration you have given the remarks the gentle- 
men you have already heard; therefore, hope that the gentleman will 
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not understand that endeavoring prejudice his argument, but 
later part the discussion. 

Mr. this discussion through the Conven- 
tion should gladly have delayed, but don’t want have laid 
over until some other convention. may continue the discussion 
to-morrow some other time, that will satisfactory. 

Mr. hope the gentleman does not think that want 
interrupt him, but that amendment can laid the table 
brought later stage the discussion, can the other 
branches the argument without prejudice it. 

Smith has the floor. Does Mr. Smith yield 
motion lay the subject the table? 

Mr. The whole subject? 

Mr. motion is, believe, that laid the table. 
don’t think that all necessary. think this the most 
important subject that will come before us, and had better simply 
adjourn this meeting until, say, half-past nine ten o’clock to- 
morrow morning. 

Mr. not propose lay the resolution the Board 
the table. propose that the gentleman’s amendment those 
resolutions should just laid the table temporarily, brought 
advanced stage the discussion, that all. 

Mr. will better accomplished—a motion adjourn 
always order—and will most effectually accomplished 
adjourning now some named hour to-morrow. 

Chair under the impression that the 
amendment Mr. Smith not seconded, and the question upon 
the resolutions offered the Board. 

Mr. would move, Mr. Chairman, that adjourn until 
to-morrow morning o’clock. 

Mr. second the motion. 

you allow the Secretary one word? 
will impossibility hold two meetings the same 
time, think; and the programme, which has been very carefully 
laid out the Committee charge this Convention, provides 
very fully for all the time during the Convention, except the 
meeting for Friday morning which the last day the Convention. 

believe the question the motion adjourn. 

Mr. say just one word? move amend the motion 
adjourn to-morrow nine o’clock, which time this question 
may taken and discussed for one hour. The motion adjourn 
toa fixed time capable amendment. 

The motion was seconded. 

Mr. not think any business that will come before 
this Convention compares with this importance, and think that 
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to-morrow morning’s business postponed until Friday morning, will 
just well have to-morrow morning, and to-morrow 
not have time discuss fully, eliminate altogether, and 
should adjourn until ten o’clock to-morrow, and then, 
continue it. would move that adjourn until ten o’clock to-morrow 
morning. 

Chair will entertain motion adjourn; the 
motion not debatable amendable. 

Mr. don’t know who made the original motion 
adjourn. 

Mr. simply want call your attention the fact that 
motion adjourn fixed time debatable motion. 

motion before the meeting, the Chair be- 
lieves, motion adjourn without fixed time, and was seconded. 
Such motion has put vote without debate. The Chair will 
put the motion. 

Mr. not see why should restrict ourselves. The 
only objection this whole procedure trying limit the discussion 
this subject. There nothing that can come before this Society 
this time that comparesin importance with full and free discussion 
this subject. adjourn until to-morrow o’clock, can 
then adjourn o’clock are through with the work. 

quite within the power the meeting vote 
down the motion adjourn. 

Mr. would like change motion amend, Mr. 
Seaman will permit, call the meeting earlier to-morrow morning 
and leave open the question how long will discuss this ques- 
tion. Make o’clock instead 10. would like see him 
that. 

Seaman accept the motion adjourn 
until to-morrow o’clock? 

Mr. Yes. 

to-morrow for the resumption the discussion the matter will please 
say aye. 

The motion was carried. 


(At 5.50 adjourned Wednesday, June 10th, 1903, 
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Wednesday, June 1903. 
The meeting was called order 9.45 President Alfred 
Noble the chair; Chas. Warren Hunt, Secretary. 
meeting held pursuant adjournment 
yesterday continue the discussion the proposition for union 


Meeting called 
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engineering building. Mr. Oberlin Smith had the floor when the 
meeting adjourned. 

Mr. President, will withdraw the amendment that 
offered the Board’s resolutions regard time limit. fur- 
ther thought, there little question but what, the Board has the 
matter charge, they will right. believe they appreciate the 
importance the matter. Whatever may the opinions pro and 
con, there are arguments both sides about this Society affiliating 
with the others that can decided only the membership large. 
cannot decided this small any fair way, and 
those resolutions that are voting are simply put 
the Society they can vote it. does not commit 
Convention any individuals voting for either policy. 
simply looks the great scheme, which has come up, with impar- 
tiality, and arranges put before the membership large, where 
ought go. think, and would urge everybody concerned, 
that ought make haste. The thing has gone some time now 
since Mr. Carnegie made his offer, and due diligence should exer- 
cised all the societies coming some harmonious action the 
subject. 

believe the Committee Fifteen, far the Club and the other 
three societies go, has members appointed authority the Boards 
those societies, but the three members who acted from this Society, 
understand it, were doing only informally. suppose our 
Board will attend that matter, and when they take up, will 
appoint perhaps three, which will confer with the other 
societies. for one, sincerely hope that, although the Engineers’ 
Club good thing affiliate with, socially, professionally and 
geographically, yet should not five partners the sense 
ownership the property. The four societies can work together, 
and although one older and little bigger than the others, yet the 
young ones are growing, and want insist again the professional 
status those other societies being remarkably respectable. 
(Applause. 

Mr. President and Gentlemen: listened with 
good deal attention the remarks that were made here yesterday, 
and order keep own remarks from being diffuse, have 
taken the liberty reduce them writing. not wish you 

came here with more information this subject than could 
gained from the daily papers. have listened attentively all that 
has been said, and remarks shall speak from standpoint 
which hope and believe occupied most the members here 
present—that is, the attitude inquiring mind. 


first sight, one attracted the proposition made Mr. 
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negie, unexpectedly, with such munificence that the judgment be- 
comes confused and dazzled with the view apparently unexampled 

possibilities the way co-operation for the advancement the en- 

gineering profession. well, therefore, that should have heard 

the views those who have carefully prepared themselves present 

this proposition us, stripped what has been termed its glamour. 

After hearing these arguments, must wonder what left said 

favor. 

About one thing feel greatly relieved. was glad hear that 
the other societies whom this proposition has been made have al- 
ready determined accept Mr. Carnegie’s offer, regardless what 
action this Society may take. say that glad this, for now 
feel that are free from any responsibility them, and that 
may consider the proposition solely affecting the welfare this So- 
ciety, without any scruples conscience how our actions may 
affect their welfare. 

BeforeI make any suggestions this line, however, there word 
that would like say with reference the sarcastic remarks made 
the expense the Engineer’s Club, which added much the 
gaiety yesterday’s session. these remarks with pain, for 
have been member the Engineers’ Club for nearly twenty 
years. see this assemblage faces which are familiar 
its members, and the faces others whom have seen there enjoy- 
ing its hospitality. The Engineers’ Club has membership 
thousand members and large waiting list. prosperous club. 
have never heard its asking alms. Some its members formed real 
estate corporation, and with their own money purchased the building 
site Fortieth Street that has been facetiously mentioned here 
the back door the future building the Engineering Society. 
have been its Board Governors for five years. therefore 
familiar with the scrutiny which all applications for membership are 
subjected. have had somewhat similiar experience the manage- 
ment this Society, and therefore prepared say that the so- 
cial standard membership the Engineers’ Club fully high 
this Society. not understand that the Engineers’ Club 
sought Mr. Carnegie’s money, and imagine that the majority its 
members know little about the merits the proposed 
the engineering societies, and care less. 

seems, however, that certain gentlemen officially connected with 
that club, the ardor their zeal for its welfare, were imprudently 
led associate themselves with this objectionable proposition. Their 
names have been mentioned this meeting those who know noth- 
ing more them than that one them has occupied official posi- 

tion this Society. may say that have known them long and well, 
that proud possessing their friendship, and feel sure that 
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there will lack this meeting confirmation what have 
stated. 

have been led speak some length the defense the 
Engineers’ Club because the remarks concerning which 
think have been unnecessarily interjected into the discussion, and 
what has been said its disadvantage record this meet- 
ing, shall expect that what have said its defense shall likewise 
there. 

Now, shall confine remarks what consider specif- 
ically the matter before us, and that the consideration the reso- 
lutions that the Board Direction has prepared for discussion this 
meeting. 

Gentlemen, ask you think for moment the origin these 
resolutions. They have been prepared your Board, which composed 
members elected—and elected Society vote—from every district 
represented this body; men who have the welfare this Society 
heart, and who have carefully weighed the effect the action which 
they have recommended you take. Therefore, these resolutions 
are entitled your respectful consideration, and, mind, the 
burden proof not much upon those who speak their 
defense upon those who speak against them. The action suggested 
the Board the result their investigations made with ample 
opportunity for arriving just conception the nature Mr. 
Carnegie’s proposition. Have they flouted atit? Have they indulged 
jibes and jokes the expense the other societies whose names 
have been associated with the American Society Civil Engineers? 
Far from it. They have approached the subject with seriousness 
worthy its importance. And what have they recommended? 
Why, that you should properly authorize the Board make such 
investigation will enable the proposition submitted the 
members for letter-ballot, intelligently. 

What more proposed? What else can this Society without 
exposing itself the charge lack decency. Who there that 
authorized reject such proposition behalf this Society 
except its members, and who there that will assume take such 
responsibility himself? 

all that have said have not said one word favor accept- 
ing this proposition. Indeed, appreciate the force the argument 
carefully prepared, conclusively presented our honored Past- 
President, whom this Society has been greatly indebted throughout 
its existence—an argument powerfully reinforced the opinions 
those other eight our honored members, his the past history 
the Society. 

recognize the proud position which our Society has attained. 
love the comfort and quiet our beautiful Society House, our own 
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property, paid for the contributions our ownmembers. Notthe 
one-fifth Mr. Carnegie’s gift, not the whole million dollars, pre- 
sented entirely our Society, could add one iota enjoyment 
the privileges which highly value member this Society. 

No, Mr. President, not for such gentlemen have been named 
support Mr. Croes’ argument; not for those who, like my- 
self, have benefited our past association with the Society, that 
this proposition offers any advantages. For me, should far prefer 
enjoy what have dignified independence. 

listened with interest the remarks made the opening 
yesterday’s session our Past-President, Mr. Wallace, and his 
words wisdom, after presenting the germs all that bears this 
discussion. sympathies were entirely accord with the senti- 
ments which forcibly expressed, but said one thing which has 
stuck mind and which has made different impression from 
what intended. said that should take the step 
with the other Societies, that instead our Society holding its pre- 
sent proud pre-eminence the representative every branch en- 
gineering, should placed the position representing only 
remnant. That serious thought—that the American Society 
Civil Engineers should ever put the position remnant. 
Why, this the logical conclusion drawn from the pro- 
position submitted us, there can but one answer Better 
back our former humble abode Twenty-third Street than 
gilded palace with such result. But there 
another application Mr. Wallace’s thought possible that 
process exclusion may drive from our membership the mechani- 
cal, electrical and mining engineers, and further process de- 
prived the sanitary engineers, for instance, and the engineers who 
are contracting for all the municipal and structural works, com- 
mercial engineers, you please What sort residuum would 
left then? the tendency modern engineering activity 
strip our noble tree one branch after another until nothing left 
but lifeless trunk? 

not for the older members the Society decide this ques- 
tion; they have interest init. This Society will last their time 
all its strength and prosperity. for the younger members 
ponder over. problem which affects their future. hope that 
they may solve wisely their predecessors have solved those 
which have come before them. 

all events, appeal every member present vote for the 
resolutions presented the Board. had proposed say, without 
amendment; but has occurred that perhaps their resolution 
open this objection, that the vote upon them the letter-ballot 
intended called for—when? 
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Within reasonable time. 

Mr. seems that would better provide 
that this very important matter should take the same course that all 
other matters importance have taken this Society, as, for instance, 
for the appointment special committees from time time, and 
seems that, with that exception, gentlemen, should vote for 
these resolutions, because places upon the Directors the responsi- 
bility which they requested and which belongs them right 
their office (applause), carefully consider and report upon the 
proposition connection with the letter-ballot, and leaves the deci- 
sion where should finally rest, not with the few members here 
present, but with the membership throughout the length and breadth 
this land. (Applause.) 

Am. Soc. E.—Mr. President, letter 
from Professor Swain was read yesterday, making some statements 
with regard action taken Boston; and was introduced with 
expression doubt whether any the gentlemen concerned 
the Boston meeting are here. 

sorry that there but small representation from Boston 
here; but was myself present the beginning the meeting that 
was held there week ago Monday (although was obliged leave 
before was over); and upon the subject with friends 
there. the discussion yesterday attached weight the expressions 
opinion already offered our members, proper state that 
Boston there was least some knowledge both sides the ques- 
tion. One gentleman who was quoted here one the eight sur- 
viving early members the Society happened Boston about 
ten days ago; and had the pleasure extended conversation with 
him which mentioned several the points which has in- 
cluded his letter; and the paragraph from Mr. Morison’s address, 
President 1895, occurring Mr. Corthell’s letter which was read 
yesterday the Secretary, was read the meeting Boston. 
Some the votes the Boston canvass were sent mail persons 
not present the meeting, but there was attendance thirty 
the meeting. 

Let say word for myself before sit down. the views 
deal that was said yesterday was not germane the real question. 
does not seem essential enquire just what the quality 
the different societies involved this proposition; not 
question amalgamation with them union with them. ques- 
tion quarters New York; and profoundly impressed with 
the great desirability our having friendly relations with the other 
engineering organizations which have been referred to. very de- 
sirable that this Society shall have their friendship and sympathy; also 
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that this Society shall have, far possible, its influence upon 
them and have them feel regard for its ideals. strongly hope that 
the resolutions which have been prepared the Board Direction 
will passed; and have firm faith that such gentlemen will 
naturally put charge business this character will able 
overcome any moderate difficulties the way what 
most desirable consummation. (Applause.) 

Mr. Catr.—Mr. President, only wish take your time for 
moment. seems that some the matter that has been pre- 
sented to-day and yesterday afternoon was probably the nature 
setting straw man and then proceeding knock down. 

Now, have before what purports the offer Mr. 
Carnegie, and find that that offer the American Society Civil 
Engineers first mentioned, and that the Engineers’ Club was last 
mentioned, and not believe that Mr. Carnegie intended 
anti-climax. believe intended place the American Society 
Civil Engineers the first among the bodies which this gift was 
given, 

Allow say, not necessary, course, that should say 
that have the honor being member the American Society 
Civil Engineers, but have the pleasure being also member the 
Engineers’ Club, think that both organizations are eminently 
able take care themselves, and, their particular lines, are per- 
fectly respectable and creditable. whether they should 
united common building and common association, outlined 
the gift, would aserious question. Itseems that 
approach this question somewhat different spirit than has been 
some those who have taken part. The spirit and 
intent this gift, understand it, promote the interest the 
engineering profession throughout the country, not only this Society, 
but all other societies, and the profession general. This Society 
unquestionably the ranking Society this country the present 
time. That position, think will conceded the other associa- 
tions that are asked join this movement. think that the other 
associations are willing grant this Society that position, and 
think that our strong position that hold here would make us, not 
the people that should the draggers this movement, but that 
should the active and earnest people further the advancement 
this project and find some satisfactory solution the matter. 

There are several things that, seems me, have been brought 
here that really have connection with this matter. For instance, 
the Engineers’ Club not the dominant factor here. think the 
American Society Civil Engineers, the end, will have just 
much say, what done with this gift, any other 
association. believe that they will the dominant force this 
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Engineering have the Engineers’ Club the same building under 


“undivided interest, that matter can arranged for and carefully 
taken care of. does not seem that absolutely essential 
that the property, even Thirty-ninth Street, should made 
this project. see any mention the proposed donation 
that the property Thirty-ninth Street shall bea part the project. 
may better, and investigation prove very much better, 
have the united building alongside the present building the 
American Society Civil Engineers. That matter has yet 
determined. 

not think should, any case, take the position that are 
either rule this thing nothing, that must all our way 
not that will like the little girl the neighbor’s 
yard, that cannot have all our own way, will take our rag 
That not the spirit which should approach 
this question. 

the matter the other societies, think their several lines, 
they are capable and representative body men are. 
them recognize that the fact. the same time, were 
and this Society refrained from entering into earnest endeavor 
reach solution this problem which would allow unite, 
would organize society independent this society which would 
call The Institute Engineers, and would invite 250 members 
each the societies the best, come it, and would make the 
restrictions higher than those the American Society Civil Engi- 
neers, and twenty-five years from now would the ranking society 
this country. 

Take illustration: happen have pretty intimate relations 
with good many the members these other societies, and assure 
you that while they are young, there not brighter body men 
any where than those that compose the Institute Electrical Engineers. 
Twenty-five years from now they will one the strongest societies 
this country, whether join with them not. certain 
that the time will roll by. 

Iam very much favor leaving this matter with the Board 
Direction. that this resolution should adopted, and that 
they should given whatever time necessary bring the matter 
satisfactory solution. found advisable separate the 
common interests from the Engineers’ Club, that should done. 
Personally, favor it. think the club should have 
its independent existence entirely apart from the societies. 

found advisable that the property selected Thirty- 
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ninth Street not entirely satisfactory, not see why the Board 
Direction cannot remedy this matter. are not absolutely com- 
mitted nor any one else, far know, except possibly the 
people who were instrumental securing the option. 

For part would favor saying the donor, 
thank you, and will give this matter such care and con- 
sideration that will find satisfactory solution. say the 
other societies, will join you this matter the best our 
ability work out solution this matter that shall the best 
advantage the engineering profession. And would say the 
Engineers’ Club, want join with you this matter the best 
interests all, and then would forward, sure that this Society 
could not injured any friendly affiliation with the associated 
societies. (Applause.) 

Assoc. Am. Soc. E.—Mr. Chairman, the matter 
the resolution seems require possibly one small addition. 
The Committee the Board, understand it, limited its 
decision the question suitable apartments, suitable quarters. 
seems that some amplification that might added that 
might cover such facilities, both terms and regulation. 
other words, the question not merely whether the house suits us. 
might suit very well, but can pay the rent? That quite 
another question. And next, there might regulations restricting 
our action, which quite another serious problem. Therefore, 
seems that some amendment that might proposed, 
simply broadening out that particular clause which would give our 
committee our Board Direction little further power than 
given under the wording the resolution itself. 

the question time, would seem that all our pro- 
ceedings, the appointment every important committee and every 
important report, there has always been accorded certain time 
for consideration and certain term notice. would seem 
that this matter either one that good enough keep that 
will not keep. will keep want it; will not keep don’t 
want it, and therefore does not seem that anything would 
injured giving proper consideration that those proceedings 
have the general body this Society. 

One more point This whole question seems 
remind one very much what read the debates the con- 
stitutional convention the United States. number States, 
number engineering societies; number States with their 
governments, their treasuries, their legislatures and all their 
organization, and that the case with these societies. now pro- 
posed make United States Engineering; that can done 
was with the United States America. There President and 
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there are rules and regulations governing all, but the rights each 
Engineering State are preserved, and each State independent. Each State 


self-contained. Louisiana has the law France, have the law 
England, but each State has its rights, its powers and its regulations, 
and yet they are all subservient the general regulations general 
body. would therefore seem that widening the power 
our Committee some regulations might introduced the body 
that govern the organization that contro] this building, 
making not engineers, but building for engineers— 
United States under that provision would 
perfectly possible have regulation the voting for the board 
members like have for Congressmen; would perfectly pos- 
sible have regulation trustees elected property rights 
have Senators; and with that thought and with that idea that could 
carried out this case. might all arrive conclusion 
which the rights all the societies, and all their powers and all 
their privileges could maintained, and still have what proposed 
here, and well regulated and well governed, and with all the inter- 
ests subserved. (Applause.) 

Mr. President, gentleman who has just spoken 
will put his first suggestion the shape resolution will 
very glad second it. occurred me, soon after the reading 
those resolutions, that would well entrust the Board Direc- 
tion with larger scope, larger authority than seems written 
them, give them the opportunity, not only determining the 
matter the question accommodation—and the resolution seems 
confined that—but give them the authority not only con- 
sider that, but enter into conference and make their suggestions 
open the subject order see there any line which 
just this Society and that will lead final success. Then let their 
report cover not only the question accommodation, with arguments 
pro and con, but let cover the whole question. 

Mr. Mr. Harrod will prepare that resolution—he has 
given the subject more thought than have—I would like have you 
prepare that resolution you will it? 

Mr. Harrop.—Well, should like see the scope the duties 
entrusted the Board Direction enlarged. 

Major Harrod, will you and Mr. Lesley prepare 
that amendment? 

Mr. sir. 


Mr. have all prepared. (Laughter.) 


Mr. don’t think this exactly meets the point that 
have mind. 


Mr. then, will offer this afterward. 
Mr. President, have been very forcibly and very 
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favorably impressed, think has every one present, with the words 
Col. Haines, and with the words Mr. Catt, and would like say 
that have, from the beginning, been heartily favor closer asso- 
can made practicable, but think important demonstrate its 
practicability every important detail before jeopardize the 
ownership approximately quarter million dollars and 
home which have established after long years patience. 
with that anxiety, with jealous guarding that home that some 
have been very seriously worried for fear the control our own 
property and our own affairs would pass the hands others, 
and that fear born the experience the past few weeks. 

Mr. Carnegie has sent most generous offer, and the offer has 
never reached the Society the shape which was sent. The 
letter containing the offer and everything contained has been, 
seems me, coralled the Engineers’ Realty Company, and may 
express it, has been tied upin little plot Thirty-ninth Street 
where looks though they would erect building for the 
four National Engineering Societies, and have entrance that 
building over private property owned the Engineers’ Realty Com- 
pany and used social club. That pretty strong statement, 
gentlemen, but only reached after looking the matter very 
fairly. 

Why was the property Thirty-ninth Street selected, and 
whom was selected? was selected the members the Engi- 
neers’ Realty Company after they had purchased their property 
Fortieth Street. was selected right back their property 
Fortieth Street. proposed put this magnificent building 
back street, when we, worth approximately quarter million 
dollars, can afford better site. The entrance that building 
through property owned the Engineers’ Realty Company, and 
that extent under their control. 

With our present financial standing, with the present financial 
standing the American Society Mechanical Engineers, with 
the prospective standing the Institute Electrical Engineers, why 
should not the building located more favorable site, such 
Fortieth Street? Has the Engineers’ Realty Company offered con- 
tribute its site, already bought Fortieth Street, the general pro- 
ject? have not heard any such proposition. fact, only 
week ago that member the Engineers’ Realty Company said me, 
replied, Mr. ready vote that to-morrow.” 

Those who chanced attend the meeting May 7th our 
own Society house felt that the Engineers’ Club did have the control. 
When Mr. Catt says control our own affairs, forgets that are 
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a 
Discussion three fifteen, and that the Electrical Engineers and that the 
Mechanical Engineers are, their very nature, more commercial 
Building 


their organization than possibly can be. 


seemed that the presentation that meeting came almost 
entirely from the Engineers’ Club and its affiliations, and when Mr. 
North arose ask few pertinent questions was dumbfounded when 
then moved that the meeting adjourn. was after that 
that Mr. Oberlin Smith arose and said that should hear from the 
Civil Engineers, since had not heard from them, but after very 
little more discussion, some resolutions, which had been prepared 
advance, were offered, and here the tenor them: 

meeting held the evening May 7th, 1903, the house 
the American Society Civil Engineers, attended official repre- 
sentatives the American Society Civil Engineers, the American 
Society Mechanical Engineers, the American Institute Mining 
Engineers, the American Institute Electrical Engineers and the Engi- 
neers’ Club New York City, was 


* * * * * * * * * 


Resolved, that hereby tender Mr. Andrew Carnegie our 
hearty thanks for the trust has imposed upon us, which accept 
with full realization its responsibilities, and will endeavor 
carry out with all possible dispatch and effectiveness, thereby hasten 
the day when engineers 

haven’t the last it, but, any rate, that the acceptance 
that proposition the house the American Society Civil Engi- 
neers, with the Civil Engineers speaking hardly word. 

Why, gentlemen, was only for one purpose. Some were 


very much concerned, and quoting from letter, which wrote the 
request Engineering News: 


was only then that the members the American Society Civil 
Engineers, who happened present, awakened the re- 
sponsibility they were asked assume, and was through their out- 
objection that the message and resolutions were finally modi- 

ed. 

experience thus gained does not demonstrate the advisability 
placing the management any the Society’s affairs committees 
composed outside 

Mr. me, but only object rising the hope 
that may expedite the determination this question, and there 
has been some discussion about the manner the time which the 
proposed report the directors shall submitted for letter-ballot, 
would offer this resolution: 


the sense this meeting that the letter-ballot called for 
the resolutions should presented the Society with the usual 
sixty days’ notice and opportunity for discussion business meeting.”’ 

Mr. second that motion. 


motion before the meeting. there 
any discussion? 


q 


Mr. question the usual sixty days’ notice which 
Colonel Haines refers is, suppose, the regulation according the 
Constitution that matters which are come the Annual Meet- 
ing shall presented with sixty days’ notice and discussed the 
Annual Meeting and then presented for ballot. not know any 
other provision for the usual sixty days’ notice for the taking 
letter-ballot and the discussion the Society before the letter-ballot 
presented, but only after general business meeting, which there 
are two, the Annual Convention and the Annual Meeting. Does Col. 
Haines mean refer the constitutional provision regarding the 
annual meetings that case which discussion takes place? 

Mr. President, admit that left open intention- 
ally. get the sense this meeting whether they 
would prefer postpone this whole matter, delay until should 
come the Annual Meeting, whether might come for dis- 
cussion our usual monthly meetings. the latter case would 
somewhat expedite the consideration the report and being spread 
broadcast through the country our membership. 
deferred Annual Business Meeting, why that delays action upon 
it, and purposely left that open. thought there was oppor- 
tunity here discuss that particular point the resolution should 
meet with favor this body. 

Mr. President, very much deprecated that 
this whole matter should left open until the Annual Meeting, and 
then have another delay getting ready the ballots and sending out 
the notices, and then sixty days after for balloting. That puts the 
whole thing off nearly year. seems that with the feeling 
the other societies, could not possibly delayed that long, and 
would simply left out. Perhaps that what some want; 
some want left out and some not; that the very point 
that the membership ought decide, whether this Society going 
left out from this affiliation with what going great engi- 
neering center New York, with other societies all around, and clubs, 
and architects’ offices, general headquarters engineering for the 
United States and Canada. Any idea putting off for about 
year before saying whether will will not accept that gift proba- 
bly means our being left out. this convention wants take such 
responsibility and give the membership large opportunity 
decide the question, it, but our Board Direction should able 
take action, and within the next two three months settle 
something that the letter-ballot can out soon. not, there- 
fore, favor this sixty days’ waiting after the Board Direction shall 
satisfy themselves. 

Mr. Davison.—Mr. President, hope that the resolution offered 
Col. Haines will adopted, whether takes year five 
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years. that this matter, expressed yesterday, one 
the most important questions that has ever come before this Society, 
and think that have all gained great deal good being here 
these two days listen the arguments that have been already pre- 
sented. feel that all the arguments will not presented this 
meeting, and think that those who are absent and cannot reached 
even the voice this meeting should given all the information 
that possible give them before they are asked cast their votes. 

what this delay may mean this Society the other so- 
cieties, Mr. Carnegie, about like this: understand that 
the other societies are going ahead with this project, any rate, 
can come stay out see fit. they will prefer have 
come in, even should delay coming for year two, 
that does not affect them seriously. They will have their home 
whether come not. 

the effect upon Mr. Carnegie, would say that happen 
live section the country where Mr. Carnegie’s gifts have been 
very numerous, and the history those gifts that they have not 
always been accepted with the enthusiasm that they seemed deserve. 
Years have elapsed before final acceptance least two cases that 
know of, and there gift present hanging over the heads the 
people that community, and has been hanging for number 
years (laughter). Mr. Carnegie persistent giver (laughter), and 
when makes offer, does not expect answer once, but 
desires have weighed carefully. 

that satisfied that are not losing our share this gift 
waiting even year, desire; will certainly not hurt Mr. 

feelings knows are carefully considering the matter. 
and believe considering it. While not agree with all the 
remarks that have been made the other members, think per- 
fectly proper that should have all the points, whether not they 
are agreeable others; let have them all; may influence 
the right way. 

feel that great deal has been said that might have been left un- 
yet those remarks have certainly educated me. 
some the members the Society who are not here to-day may desire 
speak upon this subject, and think they should given oppor- 
tunity, and believe the first opportunity that can given them now 
the Annual Meeting next winter, and think the resolutions should 
provide, and believe the intention provide, that there shall 
least one more general discussion this subject. think 
absolutely necessary that should have it. (Applause.) 

Mr. Brooxs.—Mr. President, understand correctly, the res- 
olution Mr. Haines before the house; and so, fair ask 
what the significance ofitis. opinion has been expressed that the 
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meeting referred his resolution means such meetings 
are held annually, the Annual Meeting and Annual Convention, 
which there are only two ina year. There another interpretation 
possible, Mr. Haines says, wit, that refers monthly meetings 
the Society. would like informed that. 

Mr. Colonel Haines accept amendment that, 
which that this resolution presented for discussion time not 
less than sixty days before the next Annual Meeting? That would 
give time for discussion. doubt very much whether, during the 
summer season, the committee which has charge this matter could 
obtain all the information that wants and formulate its ideas, 
and not want delay it. Nobody wants delay 
unreasonable time. wish see the matter come before the Society 
fully and fully discussed, and vote with the majority, although 
may vote againstit atthe time. Still the decision the majority will 
govern me, but some little time given, little time within which 
present this question, say, that the usual notice before the 
Annual Meeting can given, and not later than that. 

Oscar Assoc. Am. Soc. E.—Why not entrust that 
the Board? 

Mr. the Board might lay over. you 
make the Board act promptly, give them limit time and make that 
limit time the sixty days before the Annual Meeting. 

Mr. President, you see, was evidently pur- 
pose offering this resolution take advantage what has far 
been developed this discussion, and think you will agree with 
the opinion that has developed the fact that know very little 
about the matter, and that matter this grave importance should 
not acted upon hastily and with insufficient information. 

Now, think, from the discussion resolution, itis plain that 
the gentlemen here present are the opinion that there should 
further time given for consideration this matter before any letter- 
ballots should offer that resolution, not with any purpose 
defeat the wishes the majority the membership this Society, 
but with the purpose obtaining that opinion and have carefully 
and intelligently rendered. For that purpose, thought should 
have least sixty days after the report the Board had been pre- 
sented, order think this matter over before any vote was taken 
it. 

will say that purposely refrained from saying whether the sixty 
days’ notice should anterior monthly business meeting the 
Annual Business Meeting, and now quite open any gentleman 
here present offer amendment that the business meeting shall 
the Annual Business Meeting. Now, that amendment offered and 
taken it, and decided that shall the Annual 
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Discussion Business Meeting, then that amendment would incorporated 


Engineering 
Building 
(continued). 


resolution, and resolution can before you with 
that amendment voted down then will evidently the sense 
this meeting that the delay shall only until monthly business 
meeting. the gentlemen that desire see this matter referred 
the Annual Business Meeting will offer amendment that 
effect. 

Mr. President, hope that Col. Haines’ motion will 
stand, although sixty days rather long wait for the letter-ballot, 
better than put off until the Annual Meeting. the 
voted put off until that time and then have sixty 
ninety days’ delay after 

Mr. Constitution requires sixty days. 

Mr. hope that will date from one the monthly 
meetings, Mr. Haines intended it. 

Mr. did not say that. 

Mr. —Well, evidently left open, that might 
from any meeting, monthly Annual Meeting. That leaves 
the hands the Board Direction, and that what mind. 
They would know much more than about it. They live New 
York, and are able men, coming close touch with the other Societies. 
Leave them hurry the thing and get proper shape. 
What the use this small convention now attempting put the 
matter off until the Annual Meeting? Leave the thing Mr. Haines 
has and that will give the chance have the Board Direction 
act quickly the matter, and, they can present monthly 
meeting, so. 

There one point have urge against what Mr. Davison has 
said, that would just well accept Mr. Carnegie’s gift our 
share year two hence some other time well now. 
There one important point that did not take into consideration. 
the other societies, whom Mr. Carnegie going give the thing 
not into it, should decide ahead and make their build- 
ing plans, and actually start their building, or, any rate, get 
architect and have the thing worked out before anything, then, 
want come in, have got take those plans they have 
planned them, and have got take part building that 
did not plan ourselves. finger this pie, and want 
big finger it. Ifa big building put up, which partly for 
us, want have share the planning that building, 
but delay and then finally come in, have got take 
building, the design which have had share. 

Mr. want make one remark reply Mr. Smith. 
spoke the Board Direction living the City New York. 
They not live the City New York; they live all over the coun- 
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try from Maine California, and from Canada New Orleans, and 
there are thirty them, and seven them constitute quorum 
Seven members could got together New York and constitute 
quorum and bind the Board Direction way that don’t want 
have done small number men. want have full dis- 
cussion the full Board Direction and have the action major- 
ity them. 

Tue the sake the record should like say 
that five constitute quorum. 

Mr. according the Constitution, are quorum, and 
five members can bind the Board. Now, not want reveal any 
secrets, anything, but know there one member the Board 
Direction, when this matter first came before them informal 
meeting, and his attention was called the constitutional provisions 
which seemed require delay, who said that this was case the 
application the old saying, the Constitution among 
And wanted pass right off. don’t know how the 
Board Direction stands; nobody knows; but they all want know 
something about it, and they cannot limited time, and they 
must have plenty time consider before they can present 
the Society, present the report any committee that can 
made. have got have majority the Board Direction, 
think, and certainly the laws the State New York require that 
any matter involving real estate, matters relating the purchase 
and sale property and the disposition it, can only deter- 
mined vote two-thirds the Board Direction, such two- 
thirds being all present and voting. cannot limit the time that 
next Annual Meeting. 

not want see any delay; want the matter brought thor- 
oughly before the Society and discussed, but not want put 
the hands five men the City New York accept make 
proposition present this Society for consideration—a majority 
out five men who live the City New York, there are five 
directors who live there. 

Mr. Davison.—I just wish reply Mr. Smith, and say him 
that there danger, mind, the other societies going ahead 
and planning this building long this Society courteously asks 
the time, say six eight months which make its mind 
coming in, and satisfied that Mr. Carnegie will look the 
same light, and will not care have the societies ahead too 
hastily. 

Mr. President, seems that the fear some 
that the option certain land Thirty-ninth Street may expire. 
would suggest that there another location the vicinity Fifty- 
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seventh Street that perhaps could gotten. not understand 
that there any hurry about this thing all. 

Engineers are sometimes held out the command affairs be- 
cause they are said lacking executive ability, feel that 
organization the thing that has made this Society. Now, hazard 
our organization giving our voice organization seems 
very foolish thing do. not understand that anything 
that said here to-day decide the acceptance declining the 
decided to-day, certainly would vote against accepting the 
offer now made. 

Club (laughter); seems that unfortunate, although happy 
say that member that Club. Some engineers are afraid 
that they are the side commercial engineering. Iam, 
trying get stronger that side every day (laughter). 
engineer has not anything sell does not belong our Society, 
because sells his talent and his skill, has anything all. All 
engineers are eligible our Society. don’t say that all who say 
they are engineers are, but all engineers are eligible the American 
Society Civil Engineers. 

The American Society Engineers, understand it, 
called civil engineers simply because they are independent associa- 
tion and are not the service the Federal Government, and they 
are preserve their independence, seems that, under any 
conditions the acceptance this offer, they should have their 
home now. certainly would never consent give 
specific time for special meeting, say, sixty ninety one hun- 
dred and twenty days, ten months, you please, from now—a 
specific time for special meeting. understand it, there are only 
two opportunities for business meeting, the Annual Meeting 
and the Annual Convention, and seems special meeting 
should called for the consideration subject that is; 
mind, exceedingly important. (Applause.) 

Mr. would like ask question the Secretary which 
pertinent. think great many here know about our 
own real estate. has been stated that was worth about quarter 
million, and probably is. want ask the Secretary whether 
property that can easily disposed of, account the nature 
the building and the neighborhood, and what his estimate the 
probable value that could get for sold it. 

President, recent inquiry the value 
property vicinity the Society House leads 
suppose that itis worth about $70 000 for 25-ft. lot, and that you 
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cannot get for $100 000; that about all can say the value 
the land. 

Mr. our 50-ft. lot would worth about $200 000? 

SEcRETARY.—We paid $40 000 per lot, $80 000 for the ft. 
the present building were not those lots believe they could 
sold for $150 000 $160 000 any time. 

Mr. did the building cost? 

Tue building itself, about think, 
near can remember it. 

Mr. there been any estimate how much 
could sold for remain is, for other purposes, public pur- 
poses? 

find customer for it, somebody who would fit into it. 
matter fact, seems that that building would lend itself 
very well indeed almost any not too large club. arranged 
that club kitchens could installed; there ample space for that 
our present storage room, and the larger rooms for dining rooms, 
and all that sort thing, and you leave out the question sleep- 
ing apartments, which almost all New York clubs are coming now, 
would ideal small clubhouse, although built entirely for the 
purposes our Society. 

Mr. work connection with art schools some- 
thing that kind? seem artistic neighborhood. 
Could used for any artistic purposes? 

should think might; can see reason why 
not. has good light. 

special day day for special meeting consider this subject. 

resolution which Mr. Haines has proposed. 

Mr. did not know but that was offered 
would conflict with the Constitution. understand that any new 
business has come either the Annual Meeting the Annual 
Convention, and ask for information, Mr. President. 

THE are advised counsel that perfectly 
legal for the Board Direction for this Convention accept 
reject the Carnegie proposition that action was thought wise. 
perfectly legal for the Convention for the Board any meeting 
that. 

Mr. but that not the point was after. legal, 
under our Constitution, appoint day for special meeting the 
Society consider this question? 

that, far know. 
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Mr. Davison.—I would amend Col. Haines’ resolution inserting 
the words the Annual Meeting the Society. 

Swensson, Am. Soc. E.—I second the motion. 

THE Secretary will read the resolution. 

the sense this meeting that the letter- 
ballot called for the resolutions should presented the Society 
with the usual sixty days’ notice, and opportunity for discussion 
business meeting. 

Chair understands that Mr. Haines offers that 
amendment the resolution which before the meeting. That 
the only way can have consideration. 

Mr. Yes, sir. 

Mr. will second Mr. Haines’ motion. 

Mr. Davison’s amendment this what? 

THE the sense this meeting that the letter- 
ballot called for the resolutions should presented the Society 


with the usual sixty days’ notice and opportunity for discussion the 
next Annual Meeting. 


Mr. second that. 

amendment offered Mr. Davison. Are there any remarks? 

Mr. Davison.—I would suggest the Annual Meeting, for the reason 
that any other meeting would generally attended the local 
members New York alone, while the Annual Meeting will 
the members large, and satisfied, from the interest displayed 
this meeting, that will have rousing old meeting ifit should 
through. 

Mr. understand that this vote now the amendment 
Mr. Haines’ resolution, and certainly hope will not through 


because takes out the power the Board act quickly they 
want to. 


the provision that the matter 
will considered the Annual Meeting the Society. 

The motion, being put, was carried. 

the question before the meeting the reso- 
lution offered Col. Haines amended. favor Col. Haines’ 
amendment read and amended, say aye. 

The motion was carried. 

question now the resolutions offered 
the Board amended Mr. Haines’ resolution? 

Mr. Harrop.—I would like offer amendment the reso- 
lutions the Board. There are six resolutions submitted the 


Board, and would like offer this amendment the third reso- 
now reads: 
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Resolved, that the Board Direction authorized ascertain 
whether suitable accommodations can obtained for the Society 
the proposed new building, with provision for future needs.” 

And also make such investigations and hold such conferences 
may bear upon the advisability the acceptance Mr. Carnegie’s 
proposition this Society.” 

That simply enlarge the scope the work the Board 
Direction. passed makes slight change necessary the 
fifth resolution that reads: 

Resolved, that the Board Direction requested, provided 
satisfied that suitable accommodations can obtained,” and 
would amend inserting the words, ‘‘and that the acceptance 
the proposition otherwise practicable.” 

Mr. Swensson.—I second that amendment. 

The motion, being put, was carried. 

Tue question now the resolutions offered 
the Board amended. 

The motion, being put vote, was carried.* 

resolutions are adopted. 

Mr. President, understand that the Society, the 
American Society Civil Engineers, has never acknowledged Mr. 
Carnegie the receipt the offer which has tendered this Associa- 
tion. so, desire offer this resolution: 

Resolved, that the American Society Civil Engineers 
edge the offer from Mr. Carnegie, and thank him sincerely for the 
opportunity, and advise him the same time the action to-day, and 


that the object this delay determine and consider every feature 
the situation carefully before deciding the 


Mr. Swensson.—I second the motion. 

The motion, being put vote, was carried. 

President, the Chairman the Local Com- 
mittee, Mr. Ludlow, wishes make some announcements the 
programme. 

Mr. President, Ladies and Gentlemen: wish 
announce reference the programme entertainment for to-day 
and to-morrow, and some other incidental matters, that this afternoon, 
you will notice the programme, our purpose have trolley 
ride covering the most interesting portions the city, which will re- 
quire about eighty minutes, including ride Riverside Park and one 
other suburban line, and this trolley ride will end the golf grounds, 
where preparations for golf tournament engineers under way, 
and when say engineers, means that will outclass any 
championship games that been held Asheville for number 
years, doubtless. Mr. Hunt has the matter charge, and anyone who 
desires participate this tournament this afternoon will report 


The resolutions adopted may found page 199. 
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Announce- either Mr. Hunt Mr. Guild, the Local Committee, who are 
(continued), making the entries and arranging the handicaps, etc. 

Immediately after the adjournment this morning’s session, there 
photographer here who very enterprising and very capable, and 
tells that has taken all sorts group pictures distin- 
guished bodies that have visited Asheville, but has never had 
particularly anxious that afforded opportunity. 

this another question affiliation? 

Mr. while none care particularly about seeing 
our names print, our faces cardboard, would ask that im- 
mediately after adjournment just way courtesy this photog- 
rapher, gather green the hillside just front the hotel 
and permit him perpetuate with the camera memento the 
occasion this convention Asheville. 


the time the trolley ride, sir? 
Mr. Luptow.—Three o’clock the hour stated, and will ad- 
here that nearly possible. 
have card, handed yesterday, which placed the hands 
the Secretary, from the Asheville Club, social organization, which 
very kindly tenders card all the members the Society and 
guests, and the courtesies the club house for period fifteen 
days. 

The courtesies the Golf Club have also been extended, which 

believe was announced yesterday, our Secretary, from the platform. 

the matters for to-morrow, think that everything quite 

fully stated the printed programme. To-morrow evening, 
return from Overlook Mountain, will have some entertainment here 
the hotel. 

Friday, you will note the programme, have booked 
the ride Biltmore. For this drive have arranged with the 
liveryman—they have liverymen’s association here, and they have 
agreed provide carriages accommodate the entire party, all nice 
vehicles that will comfortable, well pleasant see, and they will 
here some hour Friday morning arrange the matter. 
think the hour for the Biltmore drive will determined largely 
ticable and other conflicting engagements have been made. For 
this occasion has been arranged with the local liveryman that car- 
riages will furnished hold many they will accommodate 
comfortably, three, four, half dozen, and that instead each 
carriage being paid for separately, there will tickets furnished, and 
they will sale to-morrow per person, which will include 
the carriage drive through Biltmore and Victoria Park, embracing 
drive about four five hours. 
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would say passing, that the Local Committee would like very 
much have included this the provisions they have made for your 
pleasure, but the Secretary says that the members the American 
Society Civil Engineers don’t like have things paid for 
they like, least, think they are doing things themselves (applause 
and laughter), have compromised the matter and will let you pay 
for your tickets for the Biltmore drive. 

President, would like announce that 
through the kindness Herbert Wilson, Am. E., 
geological sheets Asheville and the vicinity are the office the 
Secretary and may had upon application. They will doubtless 
found interest our members traveling around here. 

Mr. Luptow.—I have one more announcement make. The 
Southern Railway ticket agent has just come see the return 
trips and the accommodations for distresses 
think about return trips early, but perhaps for convenience and 
comfort had better mentioned. have arranged with the 
Division Passenger Agent that here himself, have repre- 
sentative here the to-morrow evening nine o’clock muke 
bookings for the return trip the Pullman service, and anxious 
get this information early possible, furnish plenty 
cars and accommodations. states confidence that will en- 
deavor furnish every one with lower berths and drawing-room 
space, any you who have fixed the time your departure to- 
morrow night can see the ticket agent and secure your reservations. 

Adjourned. 


EXCURSIONS AND ENTERTAINMENTS DURING THE THIRTY- 
FIFTH ANNUAL CONVENTION. 


The arrangements for the Convention were the hands the 
following Committees: 


WINGFIELD. 
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courtesy the Pennsylvania and the Southern Railroads, the 
members the Society and their guests were accommodated special 
cars from New York Washington, and special train from 
Washington Asheville. The party left New York a.m. 
Monday, June 8th, and arrived Asheville the following day 

The Trunk Line, Southeastern, and Central Passenger Associa- 
tions, granted rate one first-class fare, plus cents, for the 
round trip and from Asheville, from all points their territories. 

the afternoon Wednesday, June 10th, the courtesy the 
Asheville Electric Company, trolley trip around Asheville was made 
large party members and guests. The trip terminated the 
Swannanoa Country Club, where, courtesy the club, special 
golf competition was held. 

Wednesday evening the members and guests the Society 
were received the Hon. Charles Aycock, Governor North 
Carolina. 

Thursday afternoon, invitation Richard Howland, 
Esq., President the Asheville and Craggy Mountain Railroad Com- 
pany, the members and guests visited Overlook Park, Sunset 
Mountain, where they spent the afternoon and enjoyed 
prepared especially for them. The features the Asheville and 
Craggy Mountain Electric Railroad were described pamphlet 
Tingley, Am. Soc. E., who built the road the 
mountain. 

the evening concert and Southern Plantation Entertainment 
was enjoyed large audience. 

Friday large party took carriages and drove through the 
grounds Biltmore,” the estate George Vanderbilt, Esq. 
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THE ATTENDANCE THE THIRTY-FIFTH ANNUAL 
CONVENTION. 


Hansel, Charles....... New York City 
Harlow, Hayward, Jr., 


Conowingo, Md. 


The following 122 members were attendance: 
Atkinson, Earlington, Ky. 


Baird, Howard Pa. 
Barnsley, George T....Oakmont, Pa. 


Braune, M..... Birmingham, Ala. 
Brenneke, G...... St. Louis, Mo. 
Brooks, Fred.......... Boston, Mass. 
Cain, William..... Chapel Hill, 
Catt, George W....... New York City 
Clayton,R. Atlanta, Ga. 


Condron, L... ..... Chicago, 
Connor, H....Leavenworth, 
Crane, Albert ........ Chicago, 
Croes, R........New York City 
Cummings, Robert Pa. 


Davis, Chas Allegheny, Pa. 


Davison, George S..... Pittsburg, Pa. 
Diebitsch, Emil...... New York City 
Dyer, Arthur J..... Nashville, 


Ellis, John W... .Woonsocket, 


Francis, George B... New York City 
Frank, George W.New London, 


Gillespie, H....... New York City 
Goodell, John M..... New York City 
Grantham, Herbert T., 

Philadelphia, Pa. 
Green, Bernard Washington, 


Hanna, John V....... St. Louis, Mo. 


Harris, Van Alen, 
San Juan, Porto Rico 


Harrod, Orleans, La, 
Hermann, Louis, Mo. 
Hider, Arthur ..... Greenville, Miss. 
Horton, Horace E....... Chicago, 
Hotchkiss, W......... Chicago, 


Howard, John Lewis...Boston, Mass. 
Hunt, Chas. Warren..New York City 
Hyde, Charles Gilman, 

Harrisburg, Pa. 


Jackson, M...Parkersburg, Va. 
Johnson, Louis, Mo. 
Johnson, M....... Louisville, Ky. 
Johnson, J..... Cambridge, Mass. 
Judson, Wm. Pierson. 
Juengst, F... .Birmingham, Ala. 


Kimball, Frank C...Knoxville, Tenn. 
King, Wallace, Jr.....New York City 


Lesley, W..... Philadelphia, Pa. 
New York City 
Lucas, Van C.Memphis, Tenn. 
McCalla, Tuscaloosa, Ala. 


McDonald, Hunter. .Nashville, Tenn. 
McLain, St. Augustine, Fla. 
Maltby, B.......Memphis, Tenn. 


Martin, Bellevue, Pa. 
Miller, Imbrie..... Montreat, N.C. 


Miller, Rudolph P....New York City 
Modjeski, Ralph........Chicago, 
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Louisville, Ky. Shedd, Edward W..Providence, 
Morris, Marshall...... Louisville, Ky. Shryock, Joseph Pa. 
Swensson, Emil....... Pittsburg, Pa. 
Nicholson, George Ky. 
Noble, New York City. Thacher, Edwin...... New York City 
Tillson, Geo. W..... Brooklyn, 
Osborn, Frank C..... Cleveland, Ohio Tingley, New York City 
Pegram, Geo. H......New York City 
Bolton, Ga. Horne, John G...New York City 
Polk, Wm. York City 
Pope, S......... Boston, Mass. Wadsworth, New York City 
New York City Wagner, Samuel Tobias, 
Pressey, A..... Washington, Philadelphia, Pa. 
Reed, Boardman..New York City Warder, H........... Chicago, 
Toledo, Ohio Wegmann, E......... Katonah, 
Ruggles, Charles A...New York City Wiley, New York City 
Russell, Bent....... St. Louis, Mo. Wilson, F., Jr..Birmingham, Ala. 
Wilson, M..... Washington, 
Schneider, C........ Pencoyd, Pa. Wingfield, Nisbet....... Augusta, Ga. 
Scofield, M......... Pittsburg, Pa. Paul ....Philadelphia, Pa. 
Seaman, Henry B..... New York City R....... Boston, Mass. 
The total registered attendance the Convention was follows: 
Members the Society, all 122 
Guests, including ladies................. 133 


ANNOUNCEMENTS. 


ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 


Christmas Day. 


MEETINGS. 


Wednesday, September 2d, 1903.—8.30 m.—A regular business 
meeting will held. Ballots for membership will canvassed, and 


paper entitled Experimental Study the Resistances the 


Flow Water Augustus Saph, Assoc. Am. Soc. E., 


and Ernest Schoder, Jun. Am. Soc. E., will presented for 


This paper was printed Proceedings for May, 1903. 


Wednesday, September 16th, 1903.—8.30 this meeting 
two papers will presented for discussion, follows: 
Centrifugal Pumps and Fans; Analysis their Action, with Sugges- 
tions for Elmo Harris, Am. Soc. (printed 
Proceedings for May, 1903); and Tests the Efficiency Hoisting 


Tackle,” Mitchell, Am. Soc. E., printed this number 
Proceedings. 


Wednesday, October 7th, 1903.—8.30 m.—A regular business 
meeting will held. Ballots for membership and ballots the 
proposed amendment the Constitution will canvassed, and 
paper Francis Robert Johnson, Am. E., entitled 
African Irrigation,” will presented for discussion. This paper 
printed this number Proceedings. 


Wednesday, October 21st, 1903.—8.30 this meeting two 
papers will presented, follows: Railway Construction 
Oklahoma,” Allan, Assoc. Am. Soc. E.; and 
Fatigue Cement Products,” Van Ornum, Am. Soc. 
These papers are printed this number Proceedings. 


SEARCHES THE LIBRARY. 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many such 
searches have been made, and bibliographies and other information 
special subjects furnished. 

The resulting satisfaction the members who have made use 
the resources the Society this manner has been expressed 
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frequently, and leaves little doubt that, were generally known 
the membership that such work would undertaken, many would 
avail themselves it. 

The cost trifling compared the value the time engi- 
neer who looks such matters himself, and the work can per- 
formed quite well, and much more quickly, persons familiar 
with the Library. 

Copies all lists references are filed, that many cases 
only necessary make typewritten copy, which reduces the cost 
searches for members minimum. 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 
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ACCESSIONS THE LIBRARY. 
From May 13th August 8th, 1903. 


DONATIONS.* 
TREATISE HYDRAULICS. 


Mansfield Merriman. Eighth Edition, Rewritten and Enlarged, 


Cloth, ins., 585 pp., illus. New York, John Wiley Sons. 
1903. $5.00. 


Since the publication the first edition this treatise, 1889, many advances 
have been made hydraulics. Some these have been noted briefly later editions, 
but record and correlate them properly has become necessary rewrite and reset 
the book. The same plan arrangement former editions has been followed, but 
two new chapters have been added, one Hydraulic Instruments and Observations, 
which treats the methods measuring pressures and velocities, and another 
Pumps and Pumping, which the various machines for raising water are discussed 
from hydraulic point view. Many new examples and problems are given, and 
these the author has endeavored, not only the theory the subject, but also 
illustrate the conditions actual practice. istorical notes and references 
hydraulic literature are presented with greater fullness than before. While the main 
purpose rewriting the book has been keep abreast with modern progress, the 
attempt has also been made present the subject more concisely and clearly than 
before, order advance the interests thorough education and promote sound 
engineerin, The chapter headings are: Fundamental Data; Hydrostatics; 
Theoretica vdraulics; Instruments and Observations; Flow through Orifices; Flow 
over Weirs; Flow through Tubes; Flow through Pipes; Flow Conduits; Flow 
Rivers; Water Supply and Water Power; Dynamic Pressure Water Wheels; 
Turbines; Naval Hydromechanics; and Pumping; Tables for English Measures; 
Tables for Metric Measures; Tables for all Measures. There index nine pages. 


MUNICIPAL PUBLIC WORKS. 


Their Inception, Construction and Management. Whinery. 
New York, The Macmillan Company, $1.50 net. 


The preface states that this book intended for the inexperienced city official and 
for the urban citizen. The veteran municipal service and the student municipal 
administration will not find the book much that new them, although they may 
find that some matters are presented from points view different from those whivh 
they have been accustomed. The author has tried avoid technical treatment the 
subjects, and has introduced statistics and details only where they seemed necessary 
illustrate enforce the general statements. The idea has been deal with principles 
rather than with details practice. The Contents are: Importance Municipal Public 
Works; Municipal Organization; Preparations for Municipal Work; Direct Work vs. 
Contract Work; Advertising, Opening Bids, and Awarding Contracts; The Contract; 
The Contractor; The Supervision blic Work; Maintenance and Repair Public 
Work; Economy, Real and False; Guaranteeing Public Work; Special Assessments; 
Municipal Accounts and Uniform Accounting; Municipal Ownership; Quasi-Public 
Corporations and their Control. 


PRACTICAL FARM DRAINAGE. 


Why, When, and How Tile Drain. Elliott. Cloth, 


5ins., pp., illus. New York, John Wiley Sons, 
1.00. 


This book intended for those who are interested the subject farm drainage. 
gives the farmer concise and plain manner, the elementary why, 
when, where and how drain his farm. The practical methods described have been 
well tested, and are now constant use practical men. The chapter headings are: 
Soils and the Relation Drainage Them; Action Drains Upon the Soil; Leveling 
and Locating Drains; Depth and Size Drains; Practical Details the Work; Ditch- 
ing Machines; Cost and Profit; Road Drainage. 


EARTHWORK AND ITS COST. 
Halbert Powers Gillette, Am. Inst. Cloth, 


244 pp., illus. New York, The Engineering News Publishing 


Co., 1903. $2.00. 


The author the preface that his principal object this book has been 
outline rational methods and rules used cost calculation earthwork, and that 


Unless otherwise specified, this list have been donated the Publishers. 
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the only way truly economic design for structure can made knowing every 
item actual cost, and this turn can only known study the tools and 
methods used construction. book and office book, this volume 
intended service indicating the proper methods solving 
engineering economics well those earthwork particular. The 
Contents are: Introduction; Earth Shrinkage; Earth Classification; Cost 
and Shoveling; Cost Dumping, Spreading, Rolling, Cost Wheelbarrows 
Carts; Cost Wagons; Cost Buck and Drag Cost Wheel 
Cost the Elevating Grader; Cost Steam Shovels; Cars; How 
Steam Shovel Plant; Summary and Table Costs; Cost Trenching and Pipe Laying; 
The Cost Hydraulic Excavation; Cost Dredging; Miscellaneous Cost Data; Frozen 
Earth; Earth and Earth Structures; Appendix Rapid Field and Office Survey Work; 
Overhaul Calculation; Appendix Small Home Dipper Dredge 
Steam Shovel. There index ten pages. 


NOTES TRACK 


Construction and Maintenance. Camp, Am. 
1903. $3.00. (For the foreign trade issued two volumes $3.50.) 


The author states the preface that this book treats the construction and main- 
tenance railroad track from the standpoints both the trackman and the engineer, 
and gives thorough-going treatment details, well general principles. The 
book was published originally series articles the Railway and Engineering 
Review, but the revision for its book form, the volume matter con- 
tained the articles has been greatly increased and elaborated upon. The aim has 
been follow practice down date and give reference all new which 
seem likely assume future importance. Every phase track construction and track 
work has been treated, specialattention having been paid costs and other data, and 
particularly the development modern labor-saving machinery track work. The 
chapter headings are: Track Foundation; Track Materials; Track-Laying; Ballasting; 
Curves; Switching Arrangements and Track Maintenance: Double-Track- 
ing; Track Tools; Work Trains; Miscellaneous; Organization; Supplementary Notes 
and Tables. There index eighteen pages. 


THE CAR BUILDERS’ DICTIONARY. 


Railroad Cars, Their Parts, Attachments, and Details Construction. 
Compiled for the Master Car Builders’ Association, Rodney Hitt, 
Morocco, ins., 374 pp., illus. New York, The Railroad 
1903. $5.00. 


The original idea the Car Builders’ Dictionary, stated the preface, was 
standardize car-building language. Since 1895, however, the book has been used largely 
guide for ordering, designing and specifying cars, and parts cars, and the 
editiun has been prepared with view facilitate its use for such purposes. 

While the definitions have not been materially changed this edition, they have been 
carefully edited order elimmate the ancient history which many them con- 
tained, condense and modernize the descriptive matter, and make that part the 
book more ready-reference section than The number illus- 
trations has been from 5,683 1895 4,971 the object being show 
nothing that experimental rapidly going out use, but only such devices and cars 
general use thistime. Wherever possible the name the maker each 
device has been placed under the engraving, and many cases, the maker’s designa- 
tion, number the part has been preserved. One new feature has been added 
the general arrangement the illustrated pages, that Car-Shop Machinery, the 
engravings, however, being limited few the most common forms wood- 
working machines and tools. Particular attention has been given the 
selection drawings freight-car bodies. Since 1895, the use steel cars has rapidly 
increased, and those illustrated represent the latest types, and may taken good 
present practice. Drawings for wooden cars are given more detail. 
The illustrations the types the standard systems framing for passenger cars 
cover large proportion the passenger now inuse. The treatment 
electric cars has been meager. preparing that part the book which includes the 


Master Car Builders’ standards and recommended practice, the aim has been preserve 
nearly possible the order which the engravings appear the the 
Association, and under each engraving given the reference the plates shown the 
Proceedings for 1902. With one two exceptions all the historical and descriptive 
matter printed under the head Rules for Interchange Traffic, and Standards and 
Recommended Practice, has been included the section the book devoted 
definitions. There index two pages engravings. 
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DESIGN DYNAMOS. 


Silvanus Thompson. Cloth, 6ins., 253 pp., illus. 
New York, Spon Chamberlain, 1903. 


The author states that these notes Dynamo Design are not intended super- 
sede the more complete handbooks the special branch engineering 
which this only part, and having been designed primarily for his own students, are 
purposely confined continuous-current generators. the work will used 
engineers, chiefly Great her Colonies, and the United States, the cal- 
culations and data have been expressed inch measures, but the author has adopted 
throughout the decimal subdivision the inch, small lengths being given mils, and 
small areas cross-section square mils. or, sometimes also, circular mils, suit 
American practice. the section Armature Winding Schemes, special attention 
given series-parallel windings, and the doctrine the The 
chapter headings are: Dynamo Design Art; Calculations Applied 
Dynamo Design; Copper Calculations: Coil Windings; Insulating Materials, and their 
Properties; Armature Winding Schemes; Estimation Losses, Heating and Pressure 
Drop; The Design Continuous-Current Dynamos; Examples Dynamo Design; 
Appendix Wire-Gauge Tables (Copper), Britisn; IL, Wire-Gauge Tables (Copper), 


American; Schedules for Design Continuous-Current Dynamos. There 
index thirteen pages. 


MANUAL USEFUL INFORMATION AND TABLES APPERTAINING THE 
USE STEEL. 


Manufactured the Passaic Steel Company, Paterson, 
For Engineers, Architects and Builders. Geo. Blakeley, 


Am. Leather, ins., 324 pp., illus. New York, 1903. 
$2.00. (Donated the Author.) 


The present edition remains the same the 1899 and 1901 editions, with few minor 
changes. intended supply special information and tables value and service 
those engaged the design structural steel work. Only such matter given 
the author has found service his own practice. The Contents are: Shapes 
Manufactured Passaic Steel Company; Structural Details; Properties Passaic 
Structural Shapes; Traverse Strength Passaic Structural Shapes; Beam Girders; 
Strength and Beams; Moments Inertia Usual Sections; Fireproof 
Construction; Building for Floors; Riveted Suddenly 
Applied Loads; Lintels; Columns; Properties and Safe Loads; Foundations: Wind Bracing. 
Wooden Beams; Wooden Columns; Bridge Trusses; Passaic Standard Railroad 
Turntables: Specifications for Structural Steel; Corrugated Iron; Rivets and Pins; 
Bolts and Nuts; Buckle Plates; Sleeve Nuts; Loop Rods; Eye Bars and Pins; Clevises; 
Linear Expansion Heat; Areas and Weights Bars, Flats and Plates; Miscel- 
laneous Tables; Ultimate Strengths Materials; Weights Various Substances; Men- 


suration; Areas and Circumferences Circles; Weights and Measures. There 
index seven pages. 


HENDRICKS’ COMMERCIAL REGISTER 


the United States. For Sellers. Especially Devoted 
the Interests the Architectural, Mechanical, Engineering, Con- 
tracting, Electrical, Railroad, Iron, Steel, Mining, Mill, Quarrying 
and Kindred Industries. Twelfth Annual Edition. Cloth, 10x 
pp. New York, Samuel Hendricks $6.00. 


This book annual index the above-mentioned industries, containing names, 
addresses and business classifications, with full lists the manufacturers of, and 
dealers in, everything used the manufacture material, machinery and apparatus 
for these industries. There index forty-six pages. 


TRAITE CONDENSATION. 


Condensations indépendantes; Condensations centrales; Refroi- 
dissement artificiel l’usage des Constructeurs machines 
vapeur, des Ingénieurs d’usines métallurgiques, mines, fa- 
briques sucre, produits chimiques, etc. des Eléves des Ecoles 
Industrielles. Par Weiss. Traduit par Hannebicque. Sur 
premiére allemande revue augmentée par 
ins., 507 pp., Paris, Vve. Ch. Dunod, 1903. 


This work, notwithstanding its title, deals not only with condensation the strict 
the word, but also with all questions connected with condensation. The Con- 
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tents are: Condensation par Mélange; Condensation par Surface; Temps nécessaire 
pour établier vide dans Condenseur; Puissance nécessaire; Utilité Condensa- 
tion; complet d’une grande Condensation centrale; Conduite 
Régulation des machines Condensation; Distribution Weiss; Condensation dans 


les Machines; Refroidissement artificiel Tables Regnault. 


GEMEINFASSLICHE DARSTELLUNG DES EISENHUTTENWESENS. 


Herausgegeben vom Verein Deutscher 
dorf. Auflage. Cloth, 9x6 ins., pp., illus. Bagel, 


1903. marks. 


The first part the fifth edition remains almost entirely unchanged, whereas the 
second part has received many additions which correspond the changes the eco- 
nomical situation the iron industry. The has also been enlarged lists 


German beam, rail, bar, hoop, rough tin, refine 


tin, wire, and pipe rolling well 


the German cast-iron pipe works. The chapter headings are: Die Darstellung des 
Die Darstellung des Roheisens; Darstellung des schmiedbaren 
Die Formgebungsarbeiten; Wirtschaftliche Bedeutung des Eisengewerbes; Anhang. 


Gifts have also been received from the following: 


Ala.—R. Comm. vol. 

Am, Ceramic Soc. vol. 

Am. Electrochemical bound vol. 

Am. Inst. Elec. Engrs. bound vol. 

Am. Iron Steel Assoc. pam. 

Am. Street Ry. Assoc. 

Assoc. for the Protection the Adiron- 
dacks. pam. 

Inst. Min. Engrs. pam., 


vol. 

pam. 

Boston, Mass.—City Auditor. vol. 

Boston Elevated Ry. Co. pam. 

Boston Soc. Civ. Engrs. 

Bowers. George. 

Brit. Assoc. for the Advancement Sci. 
bound vol. 

Brit. Fire Prevention Comm. pam. 

Brooklyn Engrs.’ Club. bound vol. 

Brooklyn Rapid Transit Co. 

Cal. Acad. Sciences, vol. 

Cal. Miners’ Assoc. bound vol. 

Cambridge, Mass.—City Messenger. 
bound vol. 

Canada—Dept. Rys. and Canals. vol., 


pam. 
Canadian Soc. Civ. Engrs. pam. 
Chicopee, Mass.—City Clerk. bound vol. 
City Record. bound vol. 
Conn.—Highway Commr. bound vol. 
Conn. Soc. Civ. Engrs. vol. 
Corthell, E.L. 1pam. 
Crane, bound vol. 
Cutshaw, bound vol., pam. 
Dingle, bound vol. 
Vv 


ol. 

Engrs.’ Club bound vol. 
Engrs.’ Club Philadelphia. bound vol. 
Erie, Pa.—Commrs. Water-Works. 


pam. 
Fendall, bound vol. 


Rapids, Mich.—Board Pub. Works. 
pam. 


pam, 
Grunsky, vol., bound vol. 
Halifax, Clerk. pam. 
Meteorologist. pam, 
Holyoke. Mass.—City Messenger. vol., 
und vol. 
Holyoke, Mass.—Water Board. pam. 
Houston, Tex.—City Engr. pam. 
Indian Midland Ry. Co. pam. 
Indianapolis, Ind.—Dept. Pub. Works. 
pam., vol. 
Inst. Civ. Engrs. bound vol., 
pam. 
Inst. Junior Engrs. bound vol. 
Inst. Mech. Engrs. 
International Assoc. Municipal Electri- 
cians. bound vol. 
Iowa—Board Commrs. bound 


vol. 

lowa—Geol. Surv. bound vol. 

Japan—Imperial Earthquake Investigation 
Committee. vol. 

John Crerar Lib. 

Kalamazoo, Mich.—City Clerk. bound 
vol., pam. 

Kansas City, Kans.—City Engr. pam. 

H.—City Clerk. bound vol., 
vol. 

Kennicott Water Softener Co. 

Technische Hochschule Aachen. 

pam. 
Crosse, Wis.—City pam. 
Lake Shore Michigan Southern Ry. Co. 


pam. 
Lake Superior Min. Inst. pam. 
Lawrence, Mass.—City Engr. pam. 
Lawrence, Board. pam. 
League Am. Municipalities. pam. 
Lebanon H.—Supt. Water-Works. 
pam. 
Liverpool, Eng.—Water Engr. bound vol. 
Los Angeles, Cal.—City Clerk. pam. 
Lowell, Mass.—Board Health. pam. 
Lynn, Mass.—Board Pub. Works. 
Lynn, Mass.—City Clerk, bound vol. 
Lynn, Mass.—City Engr. pam. 
Lynn, Mass.—Pub. Water Board. pam. 
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Pa.—Board Water Commrs. 
am. 
Manchester, H.—Board Water 
Commrs. 


bound 


vol. 

Mass.—Highway Comm. bound vol. 

Mass.—Metropolitan Water and Sewerage 
Board. bound vol. 

bound vol. 

Master Car Builders’ Assoc. bound vol. 

Mead, Elwood. bound vol. 

Mechanics Inst. Lib. 

Mich.—Geol. Surv. vol., vol., 


am. 
Mich.—State Board Health. bound 


vol. 
Miller, Spencer. pam. 
Min. Soc. Nova Scotia. vol., pam. 
vol. 


vol, 
Mo.—State Geologist. 
Paul. 
Montgomery, Ala.—City Clerk. pam. 


Nashville, Tenn.—City Clerk. vol. 


National Elec. Light Assoc. vol. 

New Bedford, Mass.—Board Pub. 
Works. pam. 

New Bedford, Board. 

New Assoc. Gas Engrs. bound 
vol. 

New Haven, Conn.—City Engr. pam. 

J.—Board Health. bound vol. 

J.—Comptroller. vol. 

J.—Geol. Surv. bound vol. 

J.—Riparian Comm. pam. 

New Orleans, La.—Sewerage and Water 


Board. vol. 
City—Dept. Water Supply. Gas 
and Elec. vol. 


State—Board Health. bound vol. 
Fish and Game Comm. 
vol. 
Pub. Lib. 117 bound vol., vol., 188 
pam., nos. 
Newark, Clerk. bound 


vol. 
Newburgh, Y-—City Clerk. pam. 
Newton, Clerk. pam. 
Newton, Mass.—City Engr. pam. 
Norfolk, Va.—City Treasurer. bound 
vol., pam. 
North, Edward bound vol. 


vol. 
Dak.—State Geol. Surv. vol. 
Oakland, Cal.—City Clerk. pam. 
Ontario—Registrar-Gen. bound vol. 
Ont.—City Clerk. bound vol., 

vol. 
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Peoria, Clerk. pam. 
Philadelphia, Pa.—Bureau Highways. 


vol. 

Poetsch, Chas. vol. 

Polledo, 

Me.—Commr. Pub. Works. 

am. 

Poughkeepsie, Y.—Board Pub. 
Works. 

Providence, Clerk. pam. 

1pam. 
Ry. Signaling Club. 
Dams and Reservoirs. 
vol. 

Rutland, Vt.—City Clerk. pam. 

Mo.—City Clerk. pam. 

St. Paul, Minn.--Dept. Pub. Works. 


Salt Lake City, Engr. vol., 
pam. 


Smith, Jas. Alex. 

Soc. Engrs. bound vol. 

Soc. Naval Arch. and Marine Engrs. 
bound vol. 

Somerville, Mass.—City Clerk. bound 
pam. 


Somerville, Mass.—City Engr. pam. 

Somerville. Mass.—Street Commr. pam. 

Somerville. pam. 

South Australian School Mines and In- 
dustries. vol. 

South Eastern Ry. Co. 

South Norwalk, Clerk. 

Springfield, Mass.—City Clerk. 

Springfield. Mass.—City Engr. 

Svenska Teknologforeningen. 

Switzerland. 
Fédéral. vol. 

Clarkson Memorial School Tech- 
nology. 

Taunton, Clerk. bound vol., 


vol. 

Toledo, Ohio.—Water-Works Trustees. 

Tombo, Carl. 

Turner, bound vol. 

Tuttle, A.S. 

am. 
Census bound vol. 


U.S. and Geodetic Surv. bound 


vol. 

Dept. Labor. pam. 

Geol. Surv. bound vol., vol., 
pam., maps., atlases. 

Interior Dept. bound vol., 


am. 

Interstate Commerce Comm. 
bound vol., vol. 

Naval Observatory. bound vol. 

Patent Office. vol. 

Supervising Architect. bound 


vol. 
Univ. Agri. Exper. Station. 


pam. 
Univ. Texas MineralSurv. 
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Univ. Wisconsin. bound vol., vol. Wilmington, Del.—Dept. Eng. and Sur- 
Utica, Y.—City Engr. bound vol., veying. pam. 

pam. Wilmington, Del.—Street and Sewer Dept. 
Van Ornum, vol. bound vol., pam. 
Verein Deutscher Ingenieure. vol. Winchester, Mass.—Water Board. pam. 
Vernon-Harcourt, Woburn, Mass.—-City Clerk. bound vol., 
Wash. Geol. Surv. bound vol. Woodbury, 
Wash. Univ. Worcester, Engr. pam. 


West End St. Ry. Co. pam. Yonkers, Y.—City Clerk. pam. 
Western Soc. Engrs. pam. 2pam. 


Die Bahnmotoren fur Gleichstrom. Wirkungsweise, Bauart 
und Behandlung. Ein Handbuch Bahntechniker. Von 
und Mattersdorff. Berlin, Julius Springer, 1903. 


Konstruktionen. Eine Sammlung von Kon- 
struktionsbeispielen und Berechnungen von Maschinen und Appa- 
raten fiir Starkstrom. Zusammengestellt und von Gisbert 
Kapp. Zweite, verbesserte und erweiterte Berlin, Julius 
Springer, 1902. 


Electrotechnik Einzeldarstellungen. Unter 
vorragender Fachmiinner herausgegeben von Dr. Gustav Benischke. 
Pts. 2and Braunschweig, Friedrich Vieweg und Sohn, 1902. 


The Induction Motor: Its Theory and Design Set Forth 
Practical Method Calculation. Henri Boy Trans- 
New York, McGrau Publishing Company, 1903. 


Handbuch der Ingenieurwissenschaften. Vol. Pt. Vol. 


Pt. vermehrte Auflage. Wilhelm Engelmann, 
1903. 


Das Entwerfen und Berechnen der Verbrennungsmotoren. Hand- 
buch fiir Konstrukteure und Erbauer von Gas- und Olkraft-maschinen. 
Von Hugo Giildner. Berlin, Julius Springer, 


Lehrbuch der Ingenieur- und Maschinen-Mechanik. Mit den 
Hiilfslehren aus der Analysis den Unterricht tech- 
nischen Lehranstalten sowie zum Gebrauche fiir Techniker bearbeitet 
von Julius Weisbach. verbesserte und Auflage 
bearbeitet von Gustav Hermann. vol. Braunschweig, Friedrich 
Vieweg und Sohn, 1876-1901. 


The Slide Valve and Its Functions, with Special Reference Mod- 
ern Practice the United States. Julius Begtrup. New York, 


Van Nostrand Company; London, and Spon, Limited, 
1902. 


Siderology: The Science Iron. Hanns Freiherr Juptner. 
Translated from the German Charles Salter. London, Scott, Green- 
wood Co., 1902. 


Die Drahtseile. Alles nothwendige zur richtigen Beurtheilung, 
Construction und Berechnung derselben. der Praxis ange- 
passte wissenschaftliche Abhandlung. Von Josef Hrabik. Berlin, 
Julius Springer, 1902. 
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Ventilation Mines. Robert Wabner. Translated from the 
German Charles Salter. London, Scott, Greenwood Co., 1903. 


Lehrbuch der kosmischen Physik. Von Dr. Svante August Arrhe- 
nius. Pt.1. Leipzig, Hirzel, 1903. 


Repertorium der technischen Journal-Literatur, 1877-1901. Her- 
ausgegeben kaiserlichen Patent-Amt. Berlin, Carl Hey- 
mann, 1878-1902. 


The New Volumes the Encyclopaedia Britannica, Constituting, 
Combination with the Existing Volumes the Ninth Edition, the 
Tenth Edition that Work, and also Supplying New, Distinctive, 
and Independent Library Reference Dealing with Recent Events and 
Developments. Vols. VIII-XI, Forming Vol. the 
Complete Work. Adam and Charles Black, London and Edinburgh; 
The Encyclopedia Britannica Company, New York, 1902-1903. 


Locomotives: Simple, Compound, and Electric. Reagan. 
Fourth Edition, Revised and Enlarged. New York, John Wiley 
Sons. London, Chapman Hall, Ltd., 1903. 


1902. Lieut.-Colonel Yorke. London, Darling Son, 1903. 


Natural and Artificial Sewage Treatment. Alfred Jones, 
Assoc. Inst. E.; and Alfred Roechling. London, 
Spon, Ltd.; New York, Spon Chamberlain, 1902. 


Oriental Drainage. Guide the Collection, Removal and Dis- 
posal Sewage Eastern Cities, with Glossary Sanitary and 


Press, 1902. 


Trades Waste: Its Treatment and Utilisation. With Special 
Reference the Prevention Rivers Pollution. Handbook for 
Borough Engineers, Surveyors, Architects and Analysts. Nay- 
Philadelphia, Lippincott Company, 1902. 


Die Ton-, Cement- und Gips- Industrie. Ein Hand- und 
Hilfsbuch Fabrikanten und Techniker. Von Edmund Heusinger 
von Waldegg. Zweiter Teil: Die Kalkbrennerei und Cementfabri- 


kation. Auflage. Bearbeitet von Carl Naske. Leipzig, Theod. 
Thomas, 1903. 


Ciment ses Applications. Par Marie Auguste Morel. 
Paris, Gauthier-Villars. 


Introduction the Bacteriological Examination Water. 


Epuration des Eaux d’Alimentation Chaudieres et} Desin- 
crustants. Par Taveau. Paris, Gauthier-Villars. 


Die Pumpen. Darstellung ihrer Konstruktion und Wirkungs- 
weise. Ingenieure, Techniker, Maschinenfabrikanten, Brun- 


nenbauer Landwirte. Von Friedrich Hermann Costenoble. 
Berlin, 1902. 
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Papers and Water Supplies, Submitted the 
Health Officer Board. Eyre and 
Spottiswoode, 1903. 


Grundriss der Wildbachverbauung. Von Ferdinand Wang. vol. 
Leipzig, Hirzel, 1903. 


SUMMARY ACCESSIONS. 
May 13th August 8th, 


Donations (including 160 duplicates and numbers 


completing volumes periodicals)........... 734 
Total ee ere 1 793 


‘ 
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Affairs. 


MEMBERSHIP—ADDITIONS. 


MEMBERSHIP. 


ADDITIONS. 


Chf. Engr., Pere Marquette R., 
2158 Pine St., San Francisco, Cal... 
Brown, Epwarp Archt., Lehigh Val. R., 159 
Bryan, Gen. Contr. Dept., Eastern 
Div., Am. Bridge Co. Y., 100 Broadway, New 
GEORGE CaLBRAITH. 225 West 33dSt., New York City. 


Corry, Res. Engr., Mex. Southern Ry., Puebla, 
Mexico 


Ewen, Cons. Engr., Marquette Chi- 
KENNETH Great George St., W., 
Pacific Co., 220 Market Francisco, Cal......... 
Frank Supt. and Res. Engr., Knoxville 
Water Co., 619 South Gay St., Knoxville, Tenn 
List, Care, Butte County Co., Chico, Cal.... 
Chf. Engr., Cuba Eastern 
Ernest. Chf. Asst. Engr., Columbia River 
Northern Ry., 637 Burke Bldg., Seattle, Wash........ 
Assoc. Prof. Steam Eng., Mass. 
Inst. Tech., 538 Ward St., Newton Center, Mass....... 
Porter, Henry (Sanderson Porter), William 
Geodetic Survey, Manila, Philippine Islands 


Epwarp (Shedd Sarle), 146 Westminster 


646 West 9th St., Erie, 
City Engr., Fresno, Cal................ 


Chf. Engr., Sanyo Ry. Co., Kobe, 
Japan..... 


June 
May 
June 
June 
June 
June 
May 
June 
May 


June 


June 
June 


June 


May 


June 
Feb. 
June 


Feb. 
June 


May 
June 
May 


Mar. 


Date 
Membership. 


1903 
1903 
1903 


1903 
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1903 
1903 
1903 
1903 
1903 
1903 
1903 
1903 
1903 
1903 
1899 
1903 
1888 
1903 
1903 
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ASSOCIATE MEMBERS. Date 
Membership. 
Supt. Constr., Court House and Post 
Office, 360 South Main St., Salt Lake City, Utah....... June 1903 
Asst. Engr., Excelsior Wooden Jun. Sept. 11, 1900 
Pipe Co., 204 Front St., San Francisco, Cal. Assoc. June 1903 
James Marcus. City Engr., Greensboro, Feb. 1903 


Jun. Feb. 1898 


west System, P. R. R Co., 1116 Union Assoc. M. June 3, 1903 


ALLAN Div. Engr., 


Jun. Mar. 1901 


1107 Devisadero St., San Fran- 

Exp, Jr. Care, City Water Co., East St. Louis, 

JoHN Turney. Asst. Engr., Bureau Public 

Works, Richmond Borough, New Brighton, Y...... June 1903 
Forp, 506 Hale Jun. Nov. 1895 

GARTENSTEIG, CHARLES. Asst. Engr., Bureau Oct. 1896 

Highways, Bronx Borough, East 87th Assoc. May 1903 

GREEN, CHARLES Asst. Engr., Rapid Transit 

Comm., 147 Columbus Ave., New York City...... June 1903 
Care, Am. Water Works Guarantes 

Co., Bank for Savings Bldg., Pittsburg, Pa............ April 1903 
Hays, Don. Care, Beard, 410 Kansas Life Bldg., 


culture, Bureau Forestry, Univ. California, Berke- 

Asst. Bridge Engr., Feb. 28, 1899 


Care, Chf. Engr.’s Office, Bos- Assoc. Mar. 1903 


Jun. April 30, 1895 


Mgr., United States Wood Preserving Co., 


Broadway, New York City... 


Cabot Rollins, Bridgeport, June 1903 
Lawson, Engr., Troy West Troy Bridge Co., 

LEAVENWORTH, Div. Engr., Buckhannon 


Brown, Jr. Engr., Eastern Ry. Ala., Talla- 
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Kerr. Junior Civ. Engr., Engr. Dept., 
Loox, Div. Engr., Met. Water and Sewerage 
Board, Walnut St., Clinton, 
Moss, Prin. Asst. Engr., Dept. Lands 
and Works British Columbia, Box 535, New West- 


Am. Bridge Works, 120 Van Buren St., 


Parsons, CHARLES Epwarp. Chf. Engr., Hudson River Water 
505 Gardner Toledo, Ohio.. 
Chf. Draftsman, Eastern Div., Am. 
Bridge Co., 101 Rochelle Ave., Wissahickon, Philadel- 
Corwin. 146 West 104th St., Jun. 
New York City..... Assoc. 
Swan. Chf. Engr., Paso-Northeastern 
Van Earnest Chf. Office, Brook- 
lyn Heights Co. (Res., St. Charles Brook- 
Contr. Engr., Milliken Bros., 
Engr. Chg., Wheeling City Ry., Board 


ASSOCIATES. 


JUNIORS. 


1123 Broadway, New York City. 
Care, Asst. Engr.’s Office, 

Ry., Union Station Bldg., Savannah, Ga........ 
1427 North Front St., Harris- 


Fox, Asst. Engr., Pennsylvania Water Co., 
980 Sixth Ave., Oakland, Alameda 


Bureau Highways (Res., South Oxford 
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Date 
Membership. 


May 


June 


June 


Oct. 
June 


May 
June 


June 
Nov. 
June 


June 


May 
June 


June 


June 


June 
Jan. 
Mar. 


May 


1903 
1903 
1903 
1903 


1903 


1901 
1903 


1903 
1903 


1903 
1901 
1903 


1903 


1903 
1903 


1903 


1903 


1903 
1903 
1903 


1903 


Mar. 31, 1903 


1903 
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Date 
Membership. 

Travis Jr. Fulshear, Ft. Bend Co., Tex...... 
Tart, 158 North Pearl St., Albany, June 1903 
Jr. Supt., West Orange Water Co. 

(Res., 323 Valley Rd.), West Orange, Feb. 1903 
Witson, Epwarp. Junior Engr., Lake Survey, 

CHANGES ADDRESS. 


HONORARY 


Care, Dooner’s Hotel, Tenth 
Philadelphia, Pa. 


MEMBERS. 

FREDERICK WILLIAM............ Pres., Abbot-Gamble Contr. Co., 32. 
Broadway, New York City. 

AMBROSE, WILLIAM 1701 Euclid Ave., Berkeley, Cal. 

AMWEG, FREDERICK Engr. and Am.-Hawaiian Eng. 
Constr. Co., Ltd., 218 Rialto 

San Francisco, Cal. 

466 Tenth St., Portland, Ore. 

Annan, Office Engr., Dept. Public 
St. Paul, Minn. 

ARMINGTON, JAMES Cons. Engr., East Providence, 

GEORGE Railroad and lumber business, 
William St., New York City. 

EDWARD 804 Grand Ave., Room 409, Kansas 
City, Mo. 

Archt., West 22d St., New York 
City. 

FRED Engr. for Lantry Sons, 


Contrs., Ft. Madison, Iowa. 
ANTHONY and Mech. Engr., Coeymans, 
Albany Co., 


CALVIN People’s Bank Bldg., Wilkes-Barre 
Pa. 

New York Life Bldg., Chicago, 

CHARLES HENRY............ Maintenance, Cleveland Elec. 
Ry. Co., Electric Bldg., Cleveland, 
Ohio. 

Civ. and Cons. Engr. (Colby 
Baker), Colonial Trust Bldg., St. 
Louis, Mo. 
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Epwin PELEG 


South Station, Boston, 
Mass. 

Sutton Pl., New York City. 

Fox, STEPHENSON WATERS.............. Cons. Engr., Room 403, Kansas City 
Life Bldg., Kansas City, Mo. 

Ropert Engr. for Pan Handle Gulf Ry., 
San Antonio, Tex. 

Route No. Topeka, Kans. 

Harris, GOLIGHTLY.......... Owen Ave., Lansdowne, Pa. 


tom House, Portland, Ore. 
Hedrick, Cons. Engrs.), 
608 New Nelson Kansas City, 


Mo. 

Herrick, Henry and Mill 162 Summer 
St., Waltham, Mass. 

Co., Montreal, Que., 

Salle Station, Chicago, 

Grosse Ile, Wayne Co., Mich. 

ABRAHAM LINCOLN............... Asst. Prof. Civ. Eng., Univ. 
Missouri, Columbia, Mo. 

Pine New York City. 

Jobn St., New York City. 

Hays......... Springfield Ave., Philadelphia, 
Pa. 

Mich. 

FREDERIC ALBERT. Chf. Engr., Midland Val. Ca., 


The Cherokee Constr. Co.; Pres. and 
Chf. Engr., Cent. Co. Ark., 
Fort Smith, Ark. 


827 Harrison St., Topeka, Kans. 
Mosman, Atonzo TYLER 


189 Montague St., Brooklyn, 
Mosscrop, ALFRED Vice-Pres. and Mgr., Baltimore Bridge 


Co., Care, Dorman, Long 
Middlesbrough, England. 
Dana, Jr..(Myers, Finney Morrison), Rich- 
mond, Va. 
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Clear Lake, Iowa. 

BICKLEY...... 228, Bourse Bldg., Philadel- 
phia, Pa. 

EDMUND Engr., Reclamation Service, 


Geological Survey, 534 Byrne Bldg., 

Los Angeles, Cal. 

Apartado postal No. 752, City 
Mexico, Mexico. 

Fifth Ave., New York City. 

CHARLES Corps Engrs., Room 


Army Bldg., Whitehall St., 


New York City. 

Reep, Hastings, Minn. 

ARTHUR Phillips Montreal, Que., 
Canada. 

Cons. Engr., 1314 Gilpin St., Denver, 
Colo. 

Rust, Henry The Rust Boiler Co., 917 Frick 
Bldg., Pittsburg, Pa. 

ALPHEUS 810 Fisher Bldg., Chicago, 

Sault Ste. Marie, Mich. 

JOHN U.S. Engr. Office, Jacksonville, Fla. 

The Olbiston, 371 Genesee St., Utica, 

Wenonda, Pittsylvania Co., Va. 

Pensacola, Fla, 

CLINTON Security Bldg., St. Louis, Mo, 

641 Market St., San Francisco, Cal. 

ALFRED ALLEN......... Des Grisons St., Quebec, Que., 

St., Cumberland, Md. 

Symons, Col., Corps Engrs., A., Office 


Public Bldgs. and Grounds, 
Lemon Bldg., Washington, 


Civ. and Cons. Engr., East 42d St., 
New York City. 

WALDO.......... 515, Winthrop Bldg., Boston, 
Mass. 
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L., Mexico. 

VANDEVANTER, CHARLES (Vandevanter Hood), 920 Equitable 
Baltimore, Md. 

Warner, Epwin Columbia Impvt. Co., Tacoma, 
Wash. 


Engr. and Roadmaster, Twin City 
Rap. Trans. Co., Minneapolis, 
Minn. 


ASSOCIATE MEMBERS. 

Elmwood Ave., Topeka, Kans. 


ALLAN, ALEXANDER GEORGE 


ARCHER, STEVENSON, Jr. 


Miss. 

Barney, PERCY Yards and Docks, Navy 
Yard, New York City. 

WESTERN Engr. Chg. Vernon Ave. 
Bridge, Long Island City, 

Care, Bawden Thuenen, Daven- 
port, 

THoMAS Pearson Sons, Ltd.), Tientsin, 
China. 

Boyp, CHURCHILL.......... Springs, Montgomery Co., 


Dossett, Tenn. 

Angeles Salt Lake Salt 
Lake City, Utah. 


309 Union Station, Providence, 


Brown, Kine. 


Cox, Civ. Engr., N., Care, Maryland 
Steel Co., Sparrows Point, Md. 
VOU; .....Care, Am. Bridge Co., Erecting Dept., 


and Butler Sts., Pittsburg, Pa. 
Constr., Illinois Steel Co., 

5845 Madison Ave., Chicago, 
Broadway, Room 1168, New York 


Fox, GORDON...... 


City. 
London, W., England. 
FRANK ARNOLD............ ...Eng. Dept., Am. Bridge Co., 51st and 


Butler Sts. (Res., South Dith- 
ridge St., E.), Pittsburg, Pa. 
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... Asst. Engr., Louisiana Purchase Ex- 
position Co., Care, Dept., 
World’s Fair, St. Louis, Mo. 


bas Province, Philippine 

Nep HERBERT................ .824 Third St., Louisville, Ky, 

Engr., Grand Trunk Pacific Ry., 
Winnipeg, Man., Canada. 

ton, Iowa. 


Memphis, Tenn. 


Lewis and San. Engr., Quartermaster 
Dept., U.S.A., Fort McPherson, Ga. 

U.S. Geological Survey, Malta, Mont. 

Lakeport, 

CHARLES......... West 120th St., New York City. 

Henry Van Center St., Redlands, Cal. 

POTTER, Engr., 143 Liberty St., New 
York City, 

JAMES Asst. Engr.. Navy, Navy 
Yard, Boston, Mass, 

Rosewater, Care, Heyl Patterson, Water 


St., Pittsburg, Pa, 
SHNEIDER, Hill, Carbon Co., 


JOHN Pleasant St., Benton 
Mich. 

Vice-Pres,, Am. Concrete-Steel Co., 
Prudential Bldg., Newark, 

DUDLEY....... 200 Market St., Lexington, 

SPIELMAN, JOHN GODFREY...... Wabansia Ave., Chicago, 

Stockett, ALFRED Box 6051, Johannesburg, 
Transvaal, South Africa, 

Care, U.S. Geological Survey, Engle, 
Mex. 

Ala. 

land, Ore. 


sit Comm., Astor Pl., New 
York City (Res., 150 Willett St., 
Jamaica, Y.) 
CHARLES STEWART...... 42d St., New York City. 
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WARREN AYRES..... 620 Chestnut Room St. Louis, 

ASSOCIATES. 

Montreal Quarry Co., 698 Boule- 


vard, Ville St, Louis, Montreal, 
Que,, Canada. 


259 West 22d St., New York City. 
JUNIORS, 
Brooklyn, 
WALLACE Care, Milliken Bros., Broadway, 
New York 


Sec. 15, 4th Div., 218th St. and 
Kingsbridge (Res., 584 Lenox 
Ave.), New York City. 


Brown, .......... ...512 William Montreal, Que., 
Canada. 

tle, Pa. 

CoRRIGAN, GEORGE Div. Engr., Mo. Pac. Ry., Self, Boone 
Ark, 

Univ. West St.), New 
York City, 

Birmingham, Ala. 

WILLARD ...Asst. Engr., So. Side Elev. Ry., 450 


Thirty-seventh Chicago, Il. 
Lewis and Utica Brooklyn, 


Ind, 
GEORGE THEOPHANES........ St. Botolph St., Boston, Mass, 


Tex. Cent. Co., Room 18, 
Grand Central Depot, Houston, 
Flatiron Bldg., New York City. 
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ALEXANDER JENIFER............ 1307 Washington St., Wilmington, 

Co., Elden, Mo. 

ASHFORD........... Engr., Buehler-Cooney Constr. 
4636a Page Blk., St. Louis, Mo. 


Comm., Court Sq. (Res., 
Quincy St.), Brooklyn, 


Epwarp .... City Hall, Meadville, Pa, 

ABRAHAM UNDERHILL.......... Glen Cove, 


Weighlock Bldg., Syracuse, 


DEATHS. 

FREDERICK Elected December 7th, 
1898; died July 12th, 1903. 

CHARLES FREDERICK........... Elected Member, April 2d, 
died June 13th, 1903. 

died June 11th, 1903. 

Harpy, Elected Member, November 
1888; died April 2d, 1903. 

JONES, BENJAMIN Elected Fellow, June 13th, 1870; 
died May 19th, 1903. 

Elected Member, May 6th, 1885; 
died April 24th, 1903. 

Martin, CHARLES Elected Member July 10th, 1872; 
died July 11th, 1903. 

SHATTUCK ............ Elected Member, January 6th, 1875; 
died July 1903. 

Elected Member, April 7th, 1880; 


died June 2d, 1903. 

Member, July 2d, 1879; 
died May 12th, 1903. 

VANDERPOOL, Elected Member, September 2d, 
died July 12th, 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(May 12th Aug. 8th, 1903.) 
This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 


any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possible. 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


fixed each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St. Pa., 
(2) Proceedings, Engrs. Club Phila. 
1122 Girard St., Philadelphia, Pa. 
(3) Journal, Franklin Inst., Philadel- 
phia, Pa., 
(4) Journal, Western Soc. Engrs., Mo- 
nadnock Block, Chicago, 
(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Canada. 
(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 
(7) Quarterly, Mass. Inst. 
Boston, Mass., 
(8) Indicator, Stevens 
Inst., Hoboken, J., 
(9) Engineering Magazine, New York 
City, 25c. 
(10) Magazine, New York City, 
25c. 
(11) Engineering (London), Wiley, 
New York City, 25c. 
(12) The Engineer (London), International 
News New York City, 35c. 
(13) Engineering New York City, 


(14) Record, New York 
ity 
Gazette, New York City, 


(16) Engineering and Mining Journal, 
New York City, 15c. 


(17) Journal, New York 


and Engineering Review, 
Chicago, 

(19) Scientific American Supplement, New 
York City, 

(20) Iron Age, York City, 

(21) Railway _Engineer, London, Eng- 


(22) Iron and Coal Trades Review, Lon- 
don, England, 25c. 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

American Gas Light Journal, New 
York City, 

Engineer, New York City, 


(26) Electrical Review, London, England. 

(27) Electrical World and Engineer, New 
York City, 

(28) Journal, New England Water-Works 
Assoc., Boston, $1. 

(29) Society Arts, London, 
Engiand, 

(30) Annales des Travaux Publics 
Belgique, Belgium. 

(31) Annales del’ Assoc. Ing. Sortis 
des Ecole Gand, Brus- 
sels, Belgium. 


(32) Mémoires Compte Rendu des Tra- 
vaux, Ing. Civ. France, 
Paris, 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 

chines, Paris, France. 

(35) Nouvelles Annales Construc- 

tion, Paris, France. 

(36) Revue Technique, Paris, France. 
Revue Paris, France. 
Revue Générale des Chemins Fer 

des Tramways, Paris, France. 
Master Mechanic, Chicago, 
1 


Railway Age, Chicago, 

Modern Machinery ,Chicago. 

Transactions, Elec. Eners., 
New York City, 50c. 

Annales des Ponts Chaussées, 
Paris, France. 

Journal, Military 
tion, Governor’s Island, New York 
50c. 

and Minerals, Scranton, Pa., 

tific American, New York City, 


Mechanical Engineer, Manchester, 

England. 

(54) Am. Soc. E., New 
York City, $5. 

(55) Am. Soc. E., New 
York City, $10. 

(56) Transactions, Am. Inst. Min. Engrs., 
New York City, $5. 

Colliery Guardian, London, England. 

(58) Proceedings. Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, Pa., 50c. 

(59) Transactions, Mining Inst. Scot- 
London and Newcastle-upon- 


olis, 

(61) Railway Club, 
225 Dearborn St., Chicago, 

(62) American Manufacturer and 
World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. E., 
London, England. 

(64) Power, New York City, 20c. 

(65) Official Proceedings, New York 
road Club, Brooklyn, Y., 15c. 

(66) Journal Gas Lighting, London, 
England, 15c. 

(67) and Engineering News, Chi- 
cago, 

(68) Mining Journal, London, England. 


(42) 
(43) 
(44) 
(45) 
(46) 
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LIST ARTICLES. 
Bridge. 


The Rupnarayan Bridge, Bengal-Nagpur Railway. Stephen Martin-Leake, Assoc. 


Victoria Bridge over the Brisbane River, Brisbane, Alfred Barton Brady, 

Bridge Building and Bridge Works the United States.* (12) Serial beginning Jan. 16. 

Curves Maximum Bending Moment.* Arthur Bell. (12) May 

The King Edward Bridge Kew.* (11) Serial beginning May 15. 

The Polar Moment Inertia, and Its Graphical Application Riveted Joints.* 
Blake and Runge. (13) May 21. 

Steel Underflooring and Wood Block Pavement for the Roadways the Williamsburg 
Bridge.* (13) May 21. 

Rail-Concrete Masonry the New York, Ontario Western.* (15) May 22. 

Standard Plans for Bridges the Atchison, Topeka Santa Ry.* (13) May 28. 

New Vauxhall Bridge.* (12) Serial beginning May 29. 

Exhibit Some Curious Lattice Trusses.* Geo. Linday. (4) June. 

The Stresses Skew Arches.* Kernot, Am. Soc. E.. (Paper read before 
the Victorian Inst. Engrs.) (13) 


Concrete Bridge over River Des Peres, Forest Park, St. Louis, Mo.* (13) 
une 11. 


Bridges the Eastern Illinois St. Louis.* (15) June 12. 

The Springville Bridge.* (14) June 13. 

The Raritan River Stone Arch Bridge the Pennsylvania R., New Brunswick, 
(13) June 18. 

The Paderno Arch Viaduct.* (13) June 18. 

Concrete Arch Bridge over the San Juan River the Road from Santiago Cuba 

The Merits Grillage Pile Foundation.* Paper read before Iowa Ry. 
Club.) June 19. 

Comparison Eye-Bar Chains with Steel-Wire Cables for the Manhattan Bridge. (13) 

une 25; (14) June 27. 

Wire Cables versus Chains for Suspension Bridges. Wilhelm Hildenbrand, 


Brooklyn Bridge Terminal and New York Municipal Building.* (13) 


Scherzer Rolling-lift Plate Girder Railroad Bridges.* (14) July 11. 

Pyrmont Bridge, Sydney, Australia.* John Plummer. (19) July 11. 

Replacing Suspension Bridge Masonry Arch.* (13) July 16. 

Concrete-Steel Three-Hinged Arch Bridge.* (13) 

The Widening London Bridge.* Harold Shepstone. Aug. 

The the Burlington.* (15) Aug. 

Erection Manhattah Valley Viaduct.* (14) Aug. (20) July 30. 

The Great Miami River Highway Bridge, Dayton, Ohio.* (14) Aug. 

Pont Gignac sur 1774-1810: Notice Descriptive Historique. 
Dartien. (43) Trimestre, 1902. 

Pont Suspendu Semi-Rigide Vernaison (Rhone).* Ch. Dantin. (33) July 


Electrical. 


High-Speed Electrical Plant. Thomas Herbert Minshall. (63) Vol. cli. 

The Operation Automatic Circuit-Breakers, and the Effects Short Circuits 
Bertram Hopkinson. (63) Vol. cli. 

System Electric Lighting for Cars. James McElroy. (42) Apr. 

Wooden Pins High Tension Transmission (42 

pr. 

and Relative Location Power and Telephone Wires. 
(42) Apr. 

Mechanical Specifications Proposed Standard Insulator Pin. Ralph Mershon. 


(42) Apr. 

Methods Control. William Cooper. (42) Apr. 

and Safe Limits the Size Central Stations. Lardner. (42) 

ay. 

Safety Devices Central Stations and Substations. Philip Torchio. (42) May. 

Operation Units and Central Stations. Peter Junkers- 

eld. (42) May. 

The Incandescent Lamps.* (11) May8. 

Divided Multiple Switchboards: Efficient Telephone System for the Capitals.* 
Aitken. (Abstract paper read before the Inst. Elec. Engrs.) (26) Serial 
beginning May 15. 

for Electrical Measurements with Direct Current Supply. 

16. 
Long-Distance Transmission Power California.* Hamilton Wright. 
16. 
The Electricity Works Worcester.* (26) May 22. 


the Chicago Edison and Commonwealth Electric Systems.* (27) 
23. 


Tilustrated. 
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Electrical—(Continued). 


Development Light and Power Business Red Oak, Iowa.* (27) May 23. 

The Pontiac Light and Water Co., Pontiac, (27) May 23. 

Automatic Electric Lift.* (47) May 23. 

Tests Electric Driving Equipment the Works the Morden Frog Crossing Co. 
Miles Moore. (13) May 28. 

Estimates for Electric Plant for Public Lighting New York City. (13) May 28. 

Electric Lighting Aldershot Camp.* (26) May 29. 

and Lighting the New Government Building Francisco.* (14) 
May 30. 

Applications Electricity Vickers, Sons and Maxim’s Works. 

Paper read before the Inst. Elec. Engrs.) (22) Serial beginning May 15; (47) 
erial beginning May 30. 

The 000 Volt Transmission Plant the South Bend Electric Company.* (27) 

Great Electric Installations Italy: The Hydro-Electric Station Cenischa.* Enrico 
Bignami. (9) June. 

The Electric June. 

The Progress Wireless Telegraphy. William Maver, Jr. (10) June. 

Electric Driving Workshops. Williamson. (Paper read before the Inst. 
Elec. Engrs.) (11) Serial beginning June abstract (47) June 

Stassano Electric Furnace Steel Process.* (26) June 

The Insulation and Mechanical Protection Wiring. (26) June 

The Power Plant the Neversink Light and Power (14) June 

Construction and Operation Freight Car Driven Induction Motors.* 
Weeks. (17) June 

Railway and Lighting Storage Battery Milwaukee.* (17) June (27) June 13. 

Modern English Power Plant.* (17) June 

Relative Advantages Electrical and Mechanical Methods Variable Speed Control 
for General Power Service. William Cooper. (Read before the National Elec. 
Light Assoc.) (18) June 

Ashtabula Telephone Exchange.* (27) 

Commutator Losses. Hird. (Paper read before Glasgow Section, Inst, 
Engrs.) (47) 

Small Municipal Water and Electric Light Plant Tullahoma, Tenn. (13) June 11. 

The Development the Current Interrupter. Wright. (26) Serial beginning 


June 12. 
the Duluth General Electric Company’s Station.* Clifford Higgins. (27) 
une 13. 


Lifting Electromagnets.* Willey. (27) June 13. 

‘The Cost High Tension Lines. (17) June 20. 

Station the Commonwealth Electric Company Chicago.* (20) 

une 

High Tension Transformers. Farley. (Paper read before Canadian Electrical 
Assoc.) (62) June 18. 

The Poplar Electricity Works.* (26) Serial beginning June 

Collins Wireless Telephone System.* Byard Collins. (27) June 20. 


the Subject Aging SMeet Steel. Thomas Allen. (27) 
une 20. 


The Gruhn Telechirograph for Transmission Handwriting.* (27) June 20. 

Lighting Companies through Poor Meters and Transformers. (13) 
une 25. 

The Development Electric Station Power Plant. Elihu Thomson. (Paper read be- 

fore National Elec. Light Assoc.) (20) June 25; abstract (13) June 

Electricity the Shop. Phillips. (62) Serial beginning June 25. 

Works the Manchester Corporation.* (26) Serial beginning 
une <b. 

Westinghouse Type Induction Motor.* (40) June 26; (18) July 25. 

Note Three-Phase Power Measurement. Fish. (27) June 27. 

Electric Power from the Hudson.* Alton Adams. (27) June 27. 

German Tests the Pupin System Long Distance Telephony.* (46) June 27. 

Applications Electricity Agriculture.* Emile Guarini. (9) July. 

Electrical Operation Central Stations.* Howard Leitch. (64) Jul 


uly. 
High-Pressure Steam Heating Transmission and Electric Lighting Plant Dresden.* 
Franz (14) July 


Improvements the Stephenson Works.* (17) 
ystem the Manhattan Elevated Railway, New York City.* 
27) July 4. 

Automatic Telephone for Chicago.* Sack. (27) July 

System Electrical Transmission and Distribution. Frederick Bedell, 
(Paper read before the Cleveland Electric Club.) (27) July (24) July 13. 

The Telechirograph—A New Facsimile Telegraph.* (46) July 

The Rand Central Electric Works.* (26) 10. 

Private System the Manhattan Railway Company.* (17) July 11. 

Some Recent Effects Electrolytic Action upon Underground Mains and Other Metals.* 


Knudson. (Paper read before the Amer. Water-Works Assoc.) (24) July 13, 
The Electric Plant Tredegar.* (22) July 17. 
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and Alternating Currents Applied Mining. Ellis Crapper. (22) 
uly 


Compounded Asynchronous Machinery. Hooghwinkel, (26) Serial be- 
ginning July 


Utica Home ephone Company’s Exchange.* Martin. (27) July 18. 
Surveys for Electrolysis and Their Results. (Paper 
read before Amer. Water-Works Assoc.) (13) July 23. 


the Preservation Instruments and Machinery Bengal. Paul Bruhl. (Paper 
the Calcutta Section the Inst. Elec. Engrs.) (12) Serial beginning 
uly 24. 


Hertzian Wave Telegraphy.* (29) Serial beginning July 24. 
for Simple Alternating and Polyphase Currents.* 
19) July 25. 


Electrostatic High-Pressure Voltmeter.* (47) July 25. 

Defective Machine Insulation. Farrington. (3) 

Care and Management Electric Generators.* Edwin Creed. (64) Aug. 

Electric Motors Iron Works.* (14) Aug. 

The Missouri River Power Station the Metropolitan Street Railway Company, 
Kansas City, Mo.* (17) Aug. 

Electrically-Operated Coal Hoist.* Richard Lamb. (27) Aug. 

The Schuckert Electric Works Nuremberg, 


aylor. (27) Aug. 
System Wireless Telegraphy.* Frederick Collins. (27) 
ug. 


The Plant Metropolitan Street Railway Paris.* Emile Guarini. (19) 
ug. 


Effect Series Resistance the Primary Circuit Transformer.* Pikler. 
(27) Aug. 


Hydraulic-Electric Development the Neversink Light and Power Company, Middle- 
town, Y.* (27) 


Eccentricities the Static Discharge.* Walton Harrison. (46) Aug. 
Applications Distribution Force Motrice dans les Ateliers 
les Diverses Exploitations Industrielles.* Marchena. (32) May. 


Applications Rappel Bréguet-Rodary aux Communications Télégraphiques 
Teléphoniques sur les Chemins Fer P.-L.-M.* Rodary. (38) June. 


Usine Cauvery Falls (Inde).* (33) July 25. 
Marine. 


Marine Installations for the Carriage Refrigerated Cargoes.* Balfour. 
read before the Inst. Naval (11) May 

Commonwealth.* (12) May 22. 

the German Battleship Wettin with the Maine.* Fred. Jane. 
une 13. 

Performance Babcock Wilcox Boilers Gunboat. Henry Dinger. 
printed from the Journal the Amer. Soc. Naval Engrs.) (47) June 20. 

The 120-Ton Floating Derrick for the Norfolk Navy Yard.* (13) June 25. 

Coaling Sea.* Herbert Fyfe. (46) June 27. 

The Machinery Steam Vessels.* Jasper Cooper. (10) Serial beginning 


(Paper 


(Re- 


uly. 
The IT; The Newest and Largest Atlantic Liner.* Gustav Schwab. 
10) July. 


Mercantile Cruisers Fitted with Housing Propellers.* James Hamilton. (Paper 
read before the Inst. Naval Archts.) July 

Channel Steamship The Queen. (12) July 

Kaiser Wilhelm (11) July 10. 

Biles. (Paper read before the Inst. Naval Archts.) 

The Steam Turbine and Its Application the Propulsion Vessels.* Parsons. 
read before the Inst. Naval Archts.) (11) Serial beginning July 

Ton Floating Depositing Pontoon Dock.* (46) July 11. 

Fast Coaling Ships for Our Tennyson D’Eyncourt. (Paper read before 
the Inst. Naval Archts.) (11) July 17. 


The Clyde and Naval Work. (12) Serial beginning July 17. 


The New Graving Dock the Kawasaki Dockyard Company, Kobe.* (11) July 24. 
The Griffin Marine Type Hydro-Oil Engines.* (11) July 24. 


The New York Shipbuilding Company’s Plant, Camden, J.; Pt. (14) July 25. 
Development Floating Dry-Docks.* Joseph Shultz. (9) Aug. 
Modern American Launch Motors.* Stephens. (10) Aug. 


des Moteurs Pétrole Bord des Bateaux Péche.* (32). 
ar. 


Mechanical. 


Mechanical Stokers.* Edwin Fitts. (58) Apr. 
Commercial Gases for Power Purposes. Alexander Gow. (58) May. 


and Economy the Gas Engine Influenced the Fuel. Flint. (58) 
ay. 
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Machinery and Its Application Steam Power Plants.* Webster 
(58) May. 

Utilizing Water Gas the Production and Heating Gases. William 
Young. (66) May 

The Construction and Working Machine Reamers and Reaming Heads.* (11) Serial 
May 

The Wilskemp Smoke Consumer.* (12) May 

Dunlop’s Reversible Self-Starting Internal Combustion Engines.* (47) May 

Retort Stoking Electricity.* (66) May 12. 

Small Dipper Dredge Steam Shovel.* (13) May 14. 

New Pneumatic Hammer.* (13) May 14. 

Plant the Government Printing Office Washington.* (14) Serial beginning 

16. 

Cold Storage Warehouse.* (14) May 

The Serpollet Steam Automobile.* (19) Serial beginning May 16. 

Water Steam. James Andrew. (Paper read before the Glasgow Technical College 
Soc.) (47) Serial beginning May 16. 

The Choice aSteam Boiler. (Paper read before the Civil and 
Mech. Engrs. Soc.) (47) May 16. 

The Process Carburetting Water Gas Passing Into Retorts. 
Leconte. (Abstract paper read before the Société Technique Gaz 
France.) (66) Serial 

Two Experiments Smoke Preventing Furnaces.* (13) May 21. 

Blowing Engine (Delamere-Deboutteville Cockerill System).* (11) May 


Blast Furnace Gas Engines and Steam Engines. (11) May 22. 

Milling Machine Methods.* (12) May 2%. 

The Curtis Steam Turbine.* (27) May 23; (14) July 11. 

The New Parisian Retort Charging-Machine and May 26. 
The Present and Future the Hastings Gas-Works.* (60) May 26. 

Reducing Breakage Coal Shipping.* (13) May 28. 
Some Present Requirements Laundry Machinery.* Henry Waring. (11) May 29. 
Continental Engine Construction. (12) Serial beginning 

The Separation and Compression Wet Steam. Robert (12) May 


Friction Gas Engines. Thompson. (Paper reprinted from the Proceedings 
the Soc. Mech. Engrs. Cornell Univ.) (47) May 30. 

Sulphur-Dioxide and the Binary Engine. (3) June. 

Practical Liquid Air Possibilities for Refrigeration and Power.* Linde. (10) 


une. 

The Equipment Machine Shops.* Joseph Horner. (10) June. 

Lignite Burning Locomotives, Burlington Missouri River Railroad: Analysis 
Smokebox Gases. Wickhorst. (25) June. 

Group Driving Machine Tools. (25) June. 

Motor Machine Tools: Examples Individual Drives Applied Boring Mills.* 
(25) June. 

Tests California Crude Oils; Atchison, Topeka Santa Railway. 
(25) June. 

Power Test Group Drive Motors: Records Power Required for the Group Drives 
the Roanoke Shops, Norfolk Western Railway. (25) June. 

The Proportions Modern Locomotives. Lawford Fry. (25) June. 

Fuel: What Don’t Know About It. Edward Atkinson. (28) June. 

Lubricants R.T.Strohm. (45) June. 

The Bellevue Washery the D., Co., Scranton, Pa.* (45) June. 

The Ostergren Engine.* (64) June; (14) June (46) June (62) June 25. 

Tests Superheated Steam.* Schroter. (64) June. 

The Condensing Piant the New York Rapid Transit Power House.* (64) June. 

Report the Appointed the Ohio Gas Light Association Determine 
Standard Methods Testing Fuel Gas Appliances.* (24) Serial beginning June 

The Heisler Compensating Gear for Direct Acting Pumping Engines.* (13) June 

Circular Storage System for 000 Tons Coal.* (20) June 

and Their Use.* Ivar Kirkegaard. (20) June 

The Reid Ball Bearings.* (20) 

Exhaust-Steam Turbines. (11) 

Relative Advantages Electrical and Mechanical Methods Variable Speed Control 
for General Power Service. William Cooper. (Read before the National Elec. 
Light Assoc.) (18) June 

Apparatus for Determining the Resistance Road Vehicles Traction.* (46) 

une 

The Self-Carburetting Water Gas-Works. (66) June 

Burning Coal without Smoke. Breckenridge, Am. Soc. 
read before the Commercial Club Chicago.) (13) June 

Tests the Efficiency Hoisting Tackle. Wonson. (13) 

Some Tests Boiler and Furnace Efficiencies.* (Extract paper read be- 
fore National Elec. Light Assoc.) (13) June 11. 


(Paper 
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Mechanical—(Continued). 


The Inefficiency the Ordinary Lathe for High Speed Cutting. Norris. 
read before the Cincinnati Metal Trades Assoc.) (20) June 11. 

New Charcoal Cooling Process. Bernhard Zwillinger. (20) June 11. 

Comparative Test Beehive and Retort Coal. Uehling. (20) June 11. 

The Kynoch-Fornard Oil-Engine.* (11) June 12. 

Britannia Steel Works, Middlesbrough.* (11) Serial June 12. 

The Nuremberg Double-Acting Tandem Gas Engines.* (22) June 12. 

The Bauer Coke Oven.* (57) June 12. 

The Stress Service. John Barr. (Reprinted from Sibley Journal En- 
gineering.) (47) June 13. 


Maximum Economical Yield Gas per Pound Coal Carbonized. John Somerville. 
(24) June 15. 


Candles and Calories. Vivian Lewes. before Inst. Gas Engrs.) 
(66) June 16. 


Testing. Walter Grafton. (Paper read before the Inst. Gas Engrs.) 

une 16. 

The Lewes Process Sidney Stephenson. (66) June 16. 

The System Intensified Gas Lighting Means Admixture Gas and 
Air.* F.D. Marshall. (Paper read before the Inst. Gas Engrs.) (66) June 16. 

Later Developments High-Pressure Lighting.* Onslow. (Paper read before 
the Inst. Gas Engrs.) (66) June 16. 

Molding Machines the Hand Press Type.* (Ab- 
stract read before Amer. Foundrymen’s Assoc.) (13) June 18. 

Friction and Lubrication. J.Stormouth. (12) 

Applying Motor Drive Old Lathe.* (15) 

Penwylit Haulage.* (58) 

Progress Machine Tools.* (18) Serial beginning June 20. 

Butler’s 000 H.-P. 3-Cylinder Double-Acting Compound Gas Engine.* (47) June 20. 

Naphthaline. Birchmore. (Address before Western Gas (24) Serial 
beginning June 22. 

High-Pressure Gas Incandescent Lighting.* William Sugg. (Paper read before the 
Inst. Gas Engrs.) (66) June 23; (14) June 27. 

The 120-Ton Derrick for the Norfolk Navy Yard.* (13) June 25. 

The Moore Vertical Water Tube Boiler.* (20) June 25. 

The New Semet-Solvay Coke Oven.* (22) June 26. 

The New Shops the American Locomotive Company Schenectady.* Lindsay Dun- 
can. (14) June 27. 

From Siding Coke-Store the Bury Gas-Works.* (66) June 30. 

Acetylene Stored and Transported Safety. John Seymour. July. 

Liquid Fuel for Power Purposes. Arthur Williston. (9) Serial beginnin July. 

Machinery Steam Vessels.* Jasper Cooper. (10) Serial beginning 


uly. 
Milling Method Machining; Development American Shop Practice.* 
Gingrich. (10) 


ly. 

High Pressure William Andrews. (Paper read before the Engine 
Builders’ Assoc.) (64) July. 

Graphical Chart for the Solution Valve Gear Problems. W.F. Durand. (64) July. 

Rope Transmission Power. Dixon. (62) July 

The Automobile Congress Paris. (12) Serial beginning July 

Improvements the Stephenson Works.* (17) July 

Warren Rotary (27) July (20) July (14) June 27. 

The Capabilities High-Speed Steel. Wm. Lodge. (Paper read before Amer. Foundry- 
men’s Assoc.) (47) July 

Heat Conductivity Gas Retorts.* H.A. Wheeler. (Paper read before the Western 
Gas Assoc.) (24) July 

Quadrupling the Capacity Ordinary Purifier House Very Small Cost.* 
Shelton. (Paper read before the Western Gas Assoc.) (24) July6. 

The Old and the New Shrewsbury (Gas Works).* (66) July 

The System Burning-Off, Shaping, and Seasoning (66) July 

New Molding Press for Making Cement Pipe.* (13) 

Springs and Spring Steel. William Metcalf. (Paper read before Amer. Soc. for Testing 
Materials.) (20) July (13) July 30. 

The Manufacture Armour-Plate Bolts.* (11) July 10. 

Some New Superheaters.* W.H. Watkinson. (Paper read before the Inst. 
Naval Arc (11) July 10; (12) July 17; abstract (47) Serial beginning 


Power Plants. Robert H.Smith. (12) Serial beginning July 10. 
Automatic Wheel-Cutting Machine.* (12) July 10. 


Improved System Engine Stops.* (19) July 11. 

Radial Drilling Machines.* Thomas Shaw. (47) Serial beginning July 11. 

Practical Driving. John Tullis. (Abstract paper read before the Aberdeen 
Mech. Soc.) (47) 

Comparison between the First Cost Inclined and Horizontal Retorts. Frére. 
(Paper read before the Société Technique Gaz.) (66) July 14. 

The Universal Pipe and Fittings.* (20) July 16. 


Condensing Plant for Central Electric Stations. Summerfield. (11) Serial 
beginning July 17. 


(Paper 
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Mechanical—(Continued). 


Cranes Dover Pier.* (12) July 17. 

Steam Autocar Notes.* (12) July 17. 

Oil and Cylinder Lubrication. Henry Wells. Serial beginning July 17. 
and Gas Mixtures, Explosion Pressures, and Cylinder Proportions Gas 
James Dunlop. uly 18. 

Sulphate Ammonia Making New Process.* Ballantyne. (Paper read before 
the Inst. Gas Engrs. (24) July 20. 

Water Gas Manufacture the Kramers and Aarts Process. (66) July 21. 

Portable Pneumatic Revolving Cranes.* (13) July 23. 

The Plant the Hudson Portland Cement Co., Hudson, Y.* (13) July 28. 

French Tests Motors. C.C. Longridge, M.I. Mech. (12) July 24. 

Coal Washing and Plants.* (22) July 24. 

The Mechanical Columbia, C., Office Building.* (14) July 25. 

The Operation the Rateau Steam Turbine. (17) July 25. 

The Inefficiency the Standard Lathe for High-Speed Cutting. H.M. Norris. (Paper 
read before Amer. Foundrymen’s Assoc.) (18) July 25. 

The Rateau Steam Turbine.* July 25. 

The Management and Working Boilers.* Horace Boot. (Abstract paper read be- 
fore Incorporated Mun. Elec. Assoc.) (47) July 25. 

Machine for Sorting and Washing Pan-Breeze.* (24) July 27. 

German Installation West’s Retort-Stoking Machinery. (66) July 28. 

Fuel Oil. John Rowland, Jr. (3) 

Blast-Furnace Gases for Power Purposes. Charles Kirchhoff. (3) 


ug. 

Natural Sources Energy; the Probable Extensive Development Solar Power.* 
Louis Bell. (10) Aug. 

Feed-Water Heaters; Examples from Current American Practice.* William Wallace 
Christie. (10) Aug. 

Modern American Launch Motors.* W.P.Stephens. (10) Aug. 

Motor-Driven Machine Tools; the Latest Practice Applying Individual Drives 
Shapers.* 

Woodworking Machinery; Important Developments Individual Driving Electric 
Motors.* (25) Aug. 

Beehive Coke Ovens.* Aug. 

The Reorganization the Condensing System the Manhattan Station.* (64) Aug. 

Coal and Oil Fuel Compared. George Walsh. (64) Aug. 

The Westinghouse Vertical Marine Type Engine.* (64) Aug. 

Burning Powdered Coal Under Boilers.* (64) Aug. 

Improvements Steam Shovels.* Waldon Fawcett. (46) Aug. 

The Ore-Carrying Wire Ropeway Vivero, Spain.* (46) Aug. 

Loss Power Mantles while Burning.* Alfred White and 
Mueller. (Paper read before the Michigan Gas Assoc.) (24) Aug. 

New Trench Digging Machine.* (13) Aug. 

Metallic Packings; Principles Essential for Successful Development. 
Charles Longstreth, Assoc. Am. Soc. Naval Engrs. (Reprinted from the Journal 
the Amer. Soc. NavalEngrs., (13) Aug. 

Note sur les Cables Témoins: Sytéme Arnodin. (32) Mar. 

Récupération des Calories Actuellement Perdues. Jules Garniér. 
(32) Mar. 

(32 pr. 

Contribution Fonctionnement Mécanique des Machines Alternatives. 
Lelong. (37) Serial beginning May. 

Conditions Résistance des Pistons des Machines Vapeur. Codron. (37) Serial be- 
ginning May. 

Moteur Alterno-Rotatif Primat.* (36) May 10. 

Equilibrage des Machines.* (33) Serial beginning May 23. 

Turbine (36) May 25. 

Les Forces Motrices dans les Régions sans Eau sans Charbon Particulier aux 
Colonies.* Lombard. (36) May 25. 

Les Condensations Centrales Diisseldorf.* Dujardin. (33) 


par Hélices 200 Métres Distance.* (33) May 30. 

Méthode Calcul des Arbres Chargés Animés Grandes Vitesses Rotation. 
Delaporte. (37) June. 

L’Utilisation des Gaz Hauts Fourneaux. Marsolan. (36) June 10. 

Ballon Lebaudy.* Espitallier. (33) June 13. 

Fabrique Cellulose Papier Rumford Falls (Etats-Unis).* (33) June 13. 

Protection contre Saut Navette dans les Métiers Tisser.* Henri Marny. (33) 
Serial beginning June 13. 

Transmissions Mouvement par Courroies Cables Capi- 
taine Leneveu.* Ch. Dantin. (33) June 20. 

Les Nouveaux Appareils d’Eclairage Gaz par Incandescence.* Guérin. (33) June 
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Les Turbines Vapeur.* Abraham. (36) Serial beginning July 10. 

Comme Combustible. Edmond Brunet. (36) Serial beginning 
uly 10. 

Dissons Ses Principales Applications.* (33) July 18. 


uly 25. 


Metallurgical. 


The Evolution the Determination Harrison Craver. (58) May. 

The Open-Hearth Process. Leandro Cubillo. (22) May 

The Application the Electrical Furnace Metallurgy.* Albert (22) 
abstract June 13. 

The Effect Flue Dust upon the Thermal Efficiency Hot Blast Stoves. 
Thwaite. (Paper read before the Iron and Steel Inst.) (22) May 

The the Continuous Open-Hearth Process. Benjamin Talbot. (Paper 
read before the Iron and Steel Inst.) (22) May (20) May 14; (11) May 15; (68) 
May 16; (62) June (49) June 

New Blast Furnace Top.* Axel Sahlin. read before the Iron and Steel Inst.) 
(22) May (20) May 14; (11) May 29; (47) June 

The Works and Operations the North-Eastern Steel Company, Middlesbrough-on- 
Tees.* (22) May 15. 

Electrolytic Zinc Extraction the Hoepfner Process.* (16) May 16. 

Strength White-lron Castings Influenced Heat Treatment. Outerbridge, 
Jr. (Paper read before Amer. Soc. for Testing Materials.) (13) May 21. 

The Quality Pig Iron for Foundry Use Shown Fracture and Analysis. 
(Paper read before the New England Foundrymen’s Assoc.) (20) May 


The Meune Process for Removing Metallic Obstructions.* (20) May 21. 

Smelting Mt. Tasmania.* (16) May 30. 

The Works the Lackawanna Steel Serial beginning May 30. 

Influence Casting Temperature Properties Alloys. Percy Longmuir. (Abstract 
paper read before the Iron and Steel Inst.) (47) May 31. 

Pig-Iron Casting and Conveying Machinery; Its Development the United States.* 
(10) June. 

The Advantages Machine-Cast Pig-Iron. Albert Ladd Colby. (10) 

Stassano Electric Furnace Steel Process.* (26) June 

Proposed for Extracting Copper from Low-Grade Ores. Van 

une 

Treatment Low Grade Copper Ores. Edward Peters. (16) June 

Malleable Cast Iron. Richard Moldenke. (Paper read before the Amer. Foundrymen’s 
Assoc.) (20) June 11; (13) June 11; (62) June 25; (22) July 24. 

Blast Furnace Conditions Affecting the Chemical Composition Foundry Iron. 


(Abstract paper read before the Amer. Foundrymen’s Assoc.) 
(20) June 11. 


Point Concentration. (16) June 20. 

Cyaniding Montana. Alderson. (45) July. 

Study Alloys Suitable for Bearing Purposes.* G.H.Clamer. (3) July. 

The Physical Properties Malleable Castings Influenced the Process Manu- 
facture. Richard Moldenke, (Paper read before Amer. Soc. for 
Testing Materials.) (13) July (47) July 

Springs and Spring Steel. William Metcalf. (Paper read before Amer. Soc. for Test- 
ing Materials.) (20) July (13) July 30. 

Adobe and Other Makeshift Furnaces.* Henry Collins. (Abstract from Proceed- 
ings the Inst. Min. and Metal.) (16) Serial beginning July 11. 

The Casting Pipeless Ingots the Sauveur Overflow Method.* Albert Sauveur and 
Whiting. (Paper read before Amer. Soc. for Testing Materials.) (20) July 


The Swedish Lancashire Iron. Birger Burger. 16. 

Note the Alleged Cementation Iron Silicon. (Paper read before 
the Iron and SteelInst.) (11) July 17. 

The Cyaniding Some Silver Ores Percolation. Andre Griffiths and Frank 


(Abstract from Proceedings the Inst. Min. and Metal.) (16) 
uly 18. 


New Valves for Regenerative Furnaces.* (20) July 23. 

Temperature Reactions the Blast Furnace. Horace Allen. (12) July 

The Elmore Oil-Concentration Plant. Arthur (45) Aug. 

Fuel Briquetting. (45) Aug. 

Introduction the Study Alloys.* Henry (9) Aug. 

The Treatment Broken Hill Sulphides. Alec (16) Aug. 

Thomas Fabrication.* Riva-Berni. (34) Serial beginning June. 
Nouvelles Récherches sur les Aciers Nickel. Léon Guillet. (33) June 27. 


July 


Fabrication des Essieux Acier Comprimé.* (33) July 11. 
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Military. 


The Theory and Practice Armour Attack. (12) July 17. 
Smokeless Powders; Their History and Present Classification. (19) July 25. 


Mining. 


Roads for Mines.* James Abbott. (16) Serial beginning May 16. 

Automatic Mine Car Tipple.* (13) May 21. 

Electricity French Slate May 22. 

Electric Ore-Finding System. Edward Skewes. (16) May 23. 

Flume Construction.* W.C. Ralston. (Paper read before the California Miners’ 
Assoc.) (16) May 

Method Removing Overburden the New Brothers Home No. Tin Mine, Tas- 
mania.* James Lewis. (16) May 30. 

The Chain and the Pick Machines: Comparison the Two Types Coal Cutters from 
the Standpoint Advocate Chain Machines.* Johnson. (45) June. 
Peculiar Mines and Ore Deposits the Rosita and Silver Cliff Mining District 

Colorado.* A.M. Welles and Arthur Lakes. (45) June. 
Sinking the Freezing Method and Its Difficulties. (22) 
Coal-Cutting Machinery. Owen Hughes. Paper read before the Manchester 
Geological and Mining Soc.) (22) (57) Serial June 12. 
Observations Gold Deposits. Chester Wells Purington. (16) Serial beginning 


June 
Methods and Values the Yukon.* John McGillivray. (16) June 
Test Drilling the Mesabi Iron Range.* Kirby Thomas. (16) June 13. 
Electrical Apparatus Coal Mining. Belden. (27) June 20. 
Shots asa Factor Coal Dust Explosions. Henry Munroe. (16) June 27. 
The Gold-Bearing Gravels Alaska.* John McGillivray. (9) July. 
The Geology Minnesota. Hall. (48) 
Mining South Africa. (16) Serial beginning July 11. 
The Bottom Levels Cripple Creek. Bancroft. (16) July 18. 
Gold Pan Mining Plant Breckenridge, Colo.* (27) July 18. 
Discovery and History the Witwatersrand Gold Fields. H.H. Webb. (Abstract 
_read before the South African Assoc, Engrs.) (68) Serial beginning 
uly 25. 


Transverse Winding Engines for Deep Shafts.* (Paper read before 
the Inst. Min. and Metai.) (68) Serial 

Prospecting and Valuing Ground with Well-Driller Newton 

ooth Knox. (Paper read before Inst. Min. and Metal.) (13) July 

Electric Power Appliances the Mines Europe.* Emile Guarini. (9) Aug. 

Safety Mining Lamps.* Rufus Foster. (3) Aug. 

Water the Mines Cripple Creek.* Victor Hills. (16) Aug. 

des Carriéres aux Etats-Unis. (32) Mar. 

Haveuses Mécaniques Employées dans les Mines Houille.* Rosset. (33) Serial 
beginning July 


Miscellaneous. 


Weights and Measures. Stratton. (58) Mar. 

The Organization Manufacturing Industries. Andrew Carnegie. (Extracts from 
Presidential address before Iron and Steel 13) May 14; (22) May 

The Rockslide Frank, Alberta.* Wm. Pearce. (13) June 

The Effect Design Methods Construction from Contractor’s Point View. 
Newman, Assoc. (Paper read before the Junior Inst. E.) (12) 
Serial beginning June 

The Training the Civil Engineer. Geo. Swain, Am. (Extracts from 
article Tribune.) June 12. 

The Cause the Cementing Value Rock Powders. Cushman. (Abstract 
paper the Journal the Amer. Chem. Soc.) (14) June 13. 

The Subsidence the Land and the Harbor Bottom Boston. (13) June 18. 

The Making Specifications. Chas. Dudiey. (Presidential address delivered before 
Amer. Soc. for Testing Materials.) (13) July (14) July 18; (20) July (24) 
Serial beginning July 20. 

The Heppner Disaster. John Assoc. Am. (13) July 16. 

Land Subsidence Boston and the Reliability Level Datum Planes. (14) July 18. 

Lunette Pyrométrique Réticule Thermo-Electrique.* (33) May 30. 

Conservatoire des Arts Métiers.* Dumas. (33) 


Municipal. 


The Construction Mountain Road Cyprus. Edward Hugh Dyneley Nicolls, Assoc. 
Inst. (63) Vol. cli. 

The Economic Construction and Maintenance Roads the Island Cyprus. Charles 
Vincent Bellamy, (63) Vol. cli. 

Asphalt Pavement and Street Railway Tracks.* Boardman Reed. (17) May 23. 

The High Pressure Gas Main under the Mississippi River New Orleans.* Thomas 
Miller. (Paper read before the Western Gas Assoc.) (24) June 

Brick Paving (14) June 13. 
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Cost Brick Pavements Champaign, Charles Apple. (Reprinted from The 
Technograph.) (13) June 18. 

Improved Streets and Their Repairs. W.F. Raymond. (60) July. 

Concrete Culverts. (Paper read before the Eng. Soc. the Toronto 
School Practical Science.) (67) July. 

Building and Sidewalk Grades Small Towns. Ernest McCullough. (13) 


July 

The Testing Bitumens for Paving Purposes. Dow. (Abstract paper read 
before the Amer. Soc. for Testing Materials.) (14) July 11; (13) July 23. 

Notes Some Moderate Cost Roads.* William Raymond. (14) July 18. 

The United States Road Material Laboratory.* Logan Waller Page and Allerton 
Cushman. (Paper read before the Amer. Soc. for Testing Materials.) (14) Serial 
beginning July 25. 

The Back Filling Trenches. Raymond. (60) Aug. 

The Grand Boulevard and Concourse, New York City.* (14) Aug. 

Question Parisienne.* (36) July 10. 


Railroad. 


The Limmat Valley Electric Road Railway. Charles Sheibner Riche Preller, Assoc. 

Railroad Repair Shop Design and Equipment.* George Damon. (61) Apr. 

Timber Railroads and Its Relation Forestry. Hermann von Schrenk. 
Apr. 

Railroad Interest Forest Fernow. Apr. 

They Are Met With Every Day Kailway Practice. Edwards. (61) 


Express Engine, Western Railway France.* (12) May 15. 

Suburban Locomotive Development.* (15) May 15. 

Metal Ties Germany.* (15) May 15. 

New Electric-Motor Signal.* (15) May 15. 

Water for Locomotive Boilers. William Jewell. (15) May 15. 

The Appleyard Syndicate’s Interurban System.* (17) Serial beginning May 16. 

Tandem Compound for the New York Central.* (40) 15. 

Valtellina 000 Volt Three-Phase Electric Railway Italy.* (18) May 16. 

The Electrification the Mersey Railway.* (47) May 16. 

Location the Ohio Residency, Pittsburg, Carnegie Western R.* 
(13) May 21. 

New Automatic Buffer Coupling.* Charles Rous-Marten. (12) May 22. 

The Sonder Steel Coke Car.* (40) May 22. 

Temperature Tests Injected Water (Locomotives).* (40) May 22. 

Switching Locomotives, Pittsburg, Shawmut Northern Railroad.* (40) May 22. 

New Passenger Locomotives for the Chicago Alton Ry.* (13) May 28. 

The Valtellina Electric Railway. Emile Guarini. (40) May 29. 

Steam Distribution the Vauclain Compound Locomotive.* Lawford Fry. (From 
Locomotive Works’ Record Recent Construction,” No. 42.) (15) 

29. 

The Three-Phase Railway Valtellina.* (17) May 30. 

The Proposed Terminal St. George, Staten Island.* (17) May 30. 

Six-Coupled Bogie Express Engine (Class 4-6-0); Great Western Railway.* (21) June. 

Leaky Flues and Circulation Wide Firebox Locomotives. John Player. (25) June. 

Lignite Burning Burlington Missouri River Railroad: Analysis 
Smokebox Gases. Wickhorst. (25) June. 

Steel-Frame, Side-Door, Suburban Passenger Cars; Illinois Central Railroad.* (25) 


une. 

Steel Frames for Cars: Steel Frame Box Car.* (25) June. 

Compound Passenger Locomotives, 4-4-2 Type; Vauclain Four-Cylinder Balanced Sys- 
tem, Atchison, Topeka Santa Railway.* (25) June. 

Steel Underframes and Steel Cars. (25) June. 

New Roundhouse the Baltimore Ohio Railway.* (39) June. 

Freight Locomotives the Kansas City Southern Railway.* (39) June. 

Line Changes the Rio Grande Western Utah.* Hardesty. (13) June 

Electro-Pneumatic Interlocking Plant. (11) June 

Fog-Signalling Apparatus.* (11) June 

Eight-Wheeled Coupled Compound Locomotive for the Mediterranean Railway Com- 

The Hall Electro Gas Signal.* June 

Electrical Installation for Suburban Traffic the North Eastern.* (15) June 

Superheated Steam Locomotive Service. (15) Serial beginning June 

Compound Consolidation Locomotive for the Southern Pacific.* (40) June 

Maintenance Boilers and Roundhouse Work. Reynold Young. (Presented 
Columbus Convention, International Ry. Master Boilermakers’ Assoc.) (18) June 

New Electric Railroad from Paris Versailles.* (19) June 

Gillmor’s Automatic Switch Lock.* (15) June 12. 

Steel Tandem and Twin Spring Draft Gears.* (15) June 12. 
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Railroad—(Continued). 


Forsyth Automatic Air and Steam Coupling.* (15) June 12. 

Heavy Eight-Wheel Passenger Engines for the Delaware Hudson.* (40) June 12. 

Electric Locking for Levers Interlocking Machines.* (40) June 12. 

The Lackawanna Wyoming Valley Railroad.* (14) June 13; (40) June 19. 

Electric for Freight and Passengers Wyoming Valley).* 
17) June 

ectric Lighting Few Steam Trains the Prussian Railroads.* (18) 

The Standard Code the (15) June 19. 

Tendencies Locomotive Design.* (15) June 19. 

Trucks for High Speed Electric Railroads.* June 

Remarkable Iowa Interurban.* (17) June 

Electrical Traction North-Eastern Railway England.* (17) June 20; (12) 


July 24. 

Standard Passenger Locomotives.* (18) June 20. 

New St. Paul Shops Great Northern Railway.* (18) June 20; (15) 19, 

The Perfect Contact System Electric Traction.* (47) June 20. 

German Tests Railway Train Resistance. (13) June 25. 

New York Central Passenger Locomotive.* (11) June 26, 

Milwaukee Shop Improvements the Chicago, Milwaukee St. Paul.* June 26. 

The Internal Combustion Engine Railroad Service. (Abstract paper presented 
Mechanics’ Convention.) (15) June 26; (18) June 27; (25) Aug.; (62) 

ug. 

The Symington Dust Guard.* (15) June 26. 

Modern Steel Cars.* (15) June 26. 

Steel Coke Cars for the Pennsylvania Lines West.* (15) June 26. 

Fast Freight Engines for the Lackawanna.* (40) June 26. 

Improvements the Cleveland Southwestern Interurban System.* (17) June 27. 

English Interurban Line (Portsmouth Horndean).* (17) June 27. 

New Weed-Burning C., St. Ry.* (18) June 27. 

Chicago, Milwaukee St. Paul Improvements West Milwaukee, Wis.* (18) June 27. 

The Schoen Solid Forged and Rolled Steel Wheel.* (18) June 27. 

The Automobile and the Railway Transport Agents. Sylvester Stewart. (9) July. 

The Design Permanent Way and Locomotives for High Speeds. Inglis, Inst. 
C.E (Read the Engineering Conference, London.) (21) July. 

15-Ton Bogie Fish Wagons: Great Central Ry.* (21) July. 

The Van Tank Wagon.* (21) July. 

Siemens’ Electric Governing Gear for Pneumatic Brakes.* (21) July. 

Express Passenger Engine Atlantic Great Northern Railway.* (21) 

Boiler with Belpaire Fire-Box and Coned Barrel: Great Western Railway.* (21) July. 

American Railway Master Mechanics Association: Abstracts Committee Reports.* 


(39) July. 
Master Car Builders’ Association: Abstracts Committee Reports. 
The Rolling and Structure Steel Rails. Dudley. (Report Wilgus, 
Heavy Special Type Passenger Locomotive.* (12) July 
The Norfolk Western Railroad.* Fowler. (15) Serial beginning 
The Seasoning Tie Timber.* Hermann von Schrenk. (Bureau Forestry Bulletin.) 
Serial beginning July 
Boston Maine’s Latest Passenger Equipment.* (40) July 
Automatic Signai Protection for Milwaukee Passenger Station, Chicago, Milwaukee 
St. Paul Railway.* (40) 
Methods for Winter Railway Location and Construction.* E.H. Drury. (14) July 
The Electrification British Railways.* (17) July 
Recent Improvements Boiler Design.* (Abstract report Committee Ry. 
Master Mechanics’ Assoc.) (18) July (47) July 18. 
Line Connections. (Report Committee Master Car Builders’ Assoc.) 
uly 
Standard Requirements for High-Speed Foundation Brake Gear for Passenger Service.* 
Committee Master Car Builders’ (18) July (25) Aug. 
Consolidation Locomotive for Southern Railway.* (18) July 
Journals, (Report Committee Master Car Builders’ Assoc.) (18) 
July 
Government Railways. (40) Serial beginning July 10. 
Ten-Wheel Compound Locomotive for the Chicago Eastern (40) July 
Tank Cars.* (Report Committee Master Car Builders’ Assoc.) (40) July 10. 
Report Committee Master Mechanics’ Assoc.: Piston Valves. (18) July 11. 
Front Ends. (Report Committee Master Mechanics’ Assoc.) (18) 
uly 11. 
Results Observed upon the Philadelphia Reading Ry. Connection with Inspection 
ob. (Paper read before Amer. Soc. for Testing Materials.) 
13) July 16; (20 
The System Electrically-Operated Points and Signals.* (11) July 17. 
McBride’s Locomotive Feed Water Heater.* (15) July 17. 
The Cutting and Laying Ties.* Hermann von Schrenk. (15) July 17. 
The Electric Railways Long Island.* (17) July 18. 


Tilustrated. 
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Railroad—(Continued). 


The the Northern Texas Traction Company.* (17) July 18. 

The New Salle Street Station Chicago.* (18) July 18. 

Rigging. Henry Kolseth. (Paper read before New England 

ub.) July 24. 

Electro-Pneumatic Interlocking (40) July 24. 

The Hudson River Tunnel.* (14) July 25. 

The First Third-Rail Road Switzerland.* Henri Somach. (17) July 25. 

Electric Cars Cripple Creek District.* (17) July 25. 

The Rebuilding the Gulf Ship Island.* (15) July 31. 

Atlantic Type Locomotive for the Baltimore Ohio.* July 31. 

Pro the Atlantic Avenue Improvement the Long Island Railroad.* (15) 

Avenue Improvement the Long Island Railroad.* (40) July 31. 

The Fifty-Ton Steel Hopper Car.* July 31; (18) Aug. 

Storage Batteries Electric Railways. Howard Knowlton. Aug. 

Specitications for Locomotive Axles and Forgings.* (Abstract Report Committee, 
Master Mechanics’ Assoc.) Aug.; (18) Aug. 

(Abstract Report Committee, Master Car Builders’ Assoc.) 

25) Aug. 

Culm Passenger Locomotives; 4-6-0 Type; Delaware Hudson Company.* 

Aug. 

The Shops the American Locomotive Company Schenectady.* (14) Aug. 

Denver Northwestern Interurban Road for Hauling Coal.* (17) Aug. 

Electric Interurban between Columbus and Zanesville.* (17) Aug. 

Experiments with Steel and Reinforced Concrete Ties.* (18) Aug. 

Side Bearings and Center Plates.* (Abstract Report Master Car Builders’ 
mittee.) (18) Aug. 

Train Lighting with Steam Turbines.* Geheimrath Wichert. (19) Aug. 

The Milan-Gallarate Electric Railway.* Letheule. Aug. 

ug. 

Stremmatograph Tests Fiber Strains Rails under Moving Locomotives. 
Dudley, Inst. Min. Engrs. (Paper read before the Amer. Soc. for Testing Ma- 
terials.) (13) Aug. (40) July 24. 

Plotting Speed Time and Speed Distance Curves from the Acceleration Speed Curve.* 

George Lesourd. (32) May. 

Giraud and Mauclére. (38) May. 

Experiénces sur Rendement des Locomotives.* Joseph Nadal. May. 

Traction Electrique dans Tunnel Mersey; Chemin Fer Liverpool Birken- 
head.* Ch. Dantin. (33) May 16. 

Création d’une Nouvelle Gare Centrale Triage Chicago.* (38) June. 

Note sur les Postes Electriques (Systéme Taylor) Gare Pétange (Grand Duché 
Luxembourg).* Collot. (38) June. 

une 25. 
Fer Electrique Fribourg-Morat-Anet (Suisse).* Somach. (33) 
une 27. 

Types Voitures des Chemins Fer Tramways Autrichiens.* Morizot. 
(34) July. 

Essais Piéces Locomotives Acier Moulé par Compagnie Chemin Fer 
Nord. Bousquet. (38) July. 


Voitures Automotrices Vapeur (Systéme Purrey) Construites pour Compagnie 
Paris-Lyon-Méditerranée.* (38) July. 


Railroad, Street. 


Electric Tramways. Charles Hopkinson, Inst. E., Bertram Hopkinson and Ernest 
Talbot, (63) Vol. cli. 

System Electric Lighting for Cars. James McElroy. (42) Apr. 

The Transportation Problem Greater New York. Wheatly. (65) May. 

Progress British Tramways. (11) May 

The London County Tramways: The Construction and Equipment 
the Westminster-Tooting Section.* (26) May 15; (12) May 15. 

Recent Developments High-Speed Electric Traction Germany.* (17) May 16. 

The Mersey Electric Railway.* (26) May 22. 

General Electric Company’s Surface Contact System.* (11) May 29. 

Mechanical Traction Tramways.* (19) May 30. 

New Automatic Fender and Wheel Guard. (46) May 


Foundations for the Elevated Structure the Boston Elevated Railway.* Geo. 
Kimball. (1) June. 


Notes European Tramways.* Richard McCulloch. (4) June 


Interesting Example Wide Arch Soft Ground Tunneling (Boston Subway Exten- 
sion).* (13) June 
London United Tramways Power Station.* (12) June 


Illustrated 
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Railroad, Street—(Continued). 


The Electrification the Underground (London).* Wilfred Yorke. (26) June 
Section New York Rapid Transit (14) Serial beginning June 


Recent Additions the Generating Plant the Montreal Street Railway.* Ralph 
Mershon. (17) Juneé. 


Fifty-Second Avenue Terminal Chicago.* 17) 

Conduit System the London County Council. 

London Conduit Railway System.* (27) June 13. 

Hampshire Light Railways.* (26) June 19. 

The Electrical Conductivity Copper. Rollo Appleyard, (26) Serial 
June 

Truck for Brooklyn Elevated Railway.* (17) June 20. 


Power Engines the Third Avenue Brooklyn Power House.* (64) 
uly. 


Open Elevated Motor Car—Brooklyn Heights Railroad.* July 

Notes Sub-Station Practice. (17) July 

Transportation Facilities the Soo.* (17) July 

Car and Other Wrinkles the Orange Passaic Valley Railway.* (17) 


uly 

Track Brake used the United Railroads San Francisco.* (17) 
uly 

Brooklyn Bridge Terminal and New York Municipal Building.* (13) 


uly 
The Paris Metropolitan Railway.* (12) Serial beginning July 10. 

Notes the Des Moines City Railway.* (17) July 11. 

Proposed Circle System for Chicago.* July 11. 

Private Telephone System the Manhattan Railway Company.* (17) July 
Station Indicators for Subway, Elevated and Other Railway 


June 
(17) June 


Ernest Adams, 
(27) July 11. 
for the Underground Electric Railways Company London.* (17) 
uly 18. 


Elevated Gerald Barker. (11) July 24. 
Power Brakes St. Louis. Garrett. (15) July 24. 
Milford Street Railway System.* July 25. 
Ventilating Railway Motors.* (17) July 25. 
The Reorganization the Condensing System the Manhattan Station.* (64) Aug. 
The Missouri River Power Station the Metropolitan Street Railway Company, 
Kansas City, Mo.* (17) 
Conditions America and Great Britain Compared. Chris. J.Spencer. (17) 
ug. 
Permanent Way Construction and Maintenance. Charles King. (17) 
Erection Manhattan Valley Viaduct.* (14) Aug. (20) July 30. 
Plant for the Metropolitan Street Railway Paris.* Emile Guarini. (19) 
ug. 
Traction Electrique: Prise Courant par Contact Superficiel: Systéme Paul.* René 
Philippe. (34) May. 
Chemin Suspendu Barmen-Elberfeld-Vohwinkel. René Philippe. 


(35) 
Serial beginning May. 
sur Chemin Fer Métropolitain Paris. (36) Serial beginning 
25. 
Sanitary. 
Portslade and Southwick Drainage, 1902: Intercepting Sewer and Outfall. George 
Stow, Assoc. (63) Vol. cli. 


Red River Valley Drainage Ditches; Their Repairand Maintenance.* Hoag. (1) 


Apr. 
The Action the Septic Tank Acid Iron Sewage. (14) May 16. 
Investigation Garbage Crematory. (Extract from report Rudo 


Hering 

the Special Committee Crematory the City Council Trenton, J.) (19) 
Serial beginning May 16. 

Swampscott Sewerage System.* (14) May 

The Chicago Intercepting Sewer System.* (13) May 28. 

Difficult Sewer Crossing Under Old Aqueduct Brooklyn.* (14) May 30. 

Water Supply the Mutual Life Insurance Building, New York.* (14) May 

June. 

Power and Pumping Stations the New Orleans Drainage System.* William Mayo 
Venable. (o) June. 

The Baynes Garbage Disposal Works Buffalo. (14) June 

The Garbage Reduction Plant Baltimore.* (14) June 18. 

American Blower Company’s New Office Building: Heating and Ventilating System.* 

(20) June 25; (15) July 17; (40) July 24; July 25; (28) Aug. 
High-Pressure Steam Heating Transmission and Electric Lighting Plant Dresden.* 


Franz (14) July 
The Northwestern Ave. Sewer Indianapolis. Ind.* Buehler. (13) July 16. 


Improved Steam-Heating System.* (13) July 28. 
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Sanitary—(Continued). 


the Distribution Sewage Bacteria Beds. John Thresh and Martin Priest. 
(Abstract paper read before Inst. San. Engrs.) (12) July 24. 

Concrete Sewer Coldwater, Mich. (14) July 

Air Heating with Radiators and Closed Piping System. (13) July 30. 

Commission Chargée des Questions Relatives Pollution des Cours d’Eau: 
Mission Angleterre: Rapport Sous-Commission. (Belgium).* (30) June. 

Assainissement des Villes. (36) Serial beginning July 10. 

Balayeuse Automatique des Ordures New York.* 
Albert Reyner. (36) 10. 


Structural. 


Concrete. Acheson Smith. (58) Apr. 

Cement—Its Manufacture, What Is, and How Test It. Armin Schotte. (58) Apr. 

Water Tightness Concrete. Thos. Roberts. (58) Apr. 

Reinforced Concrete Floor Used the Youngstown Car Barn. (58) 
Apr. 

Ferro-Concrete Warehouse Newcastle-on-Tyne.* (67) May. 

Portland Cement Manufactured from Blast Furnace Slag. (Paper read 
before the Iron and Steel Inst.) (22) May (57) May 15; (28) May 28; (12) May 
22; (62) June 

Structural Details the Medical Buildings, Cornell University.* (14) May 16. 

New System Finishing Concrete Structures.* (13) May 21. 

Paint Preservative Rust. (12) May 22. 

Tall Concrete-Steel Office Building.* (14) May 23. 

Grillage vs. Concrete J.C. Hain. (18) May 23. 

Sand Cement for Concrete Works Remote from Transportation Lines. (Abstract from 
Bulletin No, Geological Survey.) Edward Duryee. (13) May 

New Creosoting Process. Hermann von Schrenk. (15) May 29. 

Boston Foundations. Joseph Worcester. (1) June. 

George Francis. (1) June. 

for Material and Workmanship for Steel Structures.* Condron. 
(4) June. 

Timber and Composite Roofs.* (21) Serial beginning June. 

Self-Supporting Steel Stacks. Newton, Assoc. Am. (14) June 

The Bi-Centennial Memorial Buildings Yale University.* (14) June 

The Aiken Roof Construction for Manufacturing Plants.* (20) June 

The Testing Building Stone. Eckel. (16) June 

The British Fire Prevention Committee and Its Work. (19) June 20. 

The New Shops the American Locomotive Company Schenectady.* Lindsay 
(14) June 27. 

The Use Iron Pipe Structural Work.* Egbert Watson. (9) July. 

Portland Cement Manufacture: The Raw Materials. Edwin Eckel. (60) July. 

The Proposed Brooklyn Bridge Terminal and New York Municipal Building.* (13) 


uly 
The Works the St. Louis Portland Cement Company, Prospect Hill, Mo.* John 
Conzelman. (14) July 11. 
Standard Method for the Analysis Cement. (13) July 16. 
Relative Strength Wet and Dry Concrete. James Sussex. (Reprinted from 
the Technograph.) (13) July 16. 
Table for Pitch and Efficiency Riveted Joints. Philip Hill. (13) July 16. 
Tall Concrete Office Building (Ingalls Bldg., Cincinnati).* (14) 
uly 18. 
The Steel Manufacturers’ Standard Specifications. Ladd Colby. (Abstract 
paper read before the Amer. Soc. for Testing Materials.) (14) July 18; (62) Serial 
eginning Aug. 
The Plant the Hudson Portland Cement Co., Hudson, Y.* (13) July 23. 
Soundness Tests Portland Cement.* Taylor, Jun. Am. Soc. (Paper read 
before Cement Section, Amer. Soc. for Materials.) (13) July 23. 
International Fire-Prevention Congress. (11) July 24. 
The New York Shipbuilding Plant, Camden, J.; Pt. (14) July 25. 
American Blower Company’s New Office (14) July 25. 
Sixteen-Story Concrete-Steel Office Building Cincinnati,O.* (13) July 30. 
The Strength Concrete Affected Different Percentages Water. Doyle 
and (13) July 30. 
Tests Portland Cement Mortar Exposed Cold. C.S. Gowen, Am. Soc. 
(Paper read before Amer. Soc. for Testing Materials.) (13) July 30. 
Formulas for the Strength Concrete-Steel Beam. (13) July 


Rivets Structural Steel Work.* Tilden, Assoc. Am. Soc. (Reprinted 
from Harvard Engineering Journal.) (13) July 30. 

The Main Shops the American Locomotive Company Schenectady.* (14) Aug. 

Effect Water and Combinations Sand the Setting and Strength Cement. 
(Abstract paper read before the Amer. Soc. for Testing Materials.) 
(13) Aug. 
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Continued). 


The Cause the Cementing Value Rock Powders and the Plasticity Clays. Aller- 
Cushman. (Abstract paper read before the Amer. Soc. for Advancement 
Science.) (13) Aug. 

Preservation Wood. (Translated from Chronique Industrielle.) (19) Aug. 

Note sur les Cables Témoins: Systéme Arnodin. (32) Mar. 

Les Sables Boulants: Méthodes Nouvelles Constructions dans les Terrains Aquiféres.* 
Casse. (30) June. 

Essai Théorie des Résistance. Maurice Astier. (35) Serial be- 
ginning June. 

Caserne Sapeurs-Pompiers rue Carpeaux.* Marchand. (33) 

une 


une 10. 


Chartiée pour Choe des Aciers Laminés.* Léon Griveaud. (34) 
July. 

Pavillon Chirugie Clinique Sainte-Anne, rue d’Alésia, Paris.* Ed. Per- 
ronne. (35) 


Fabrique Ciment Portland (Saxe).* (35) July. 
Les Bains Publics Miiller Munich.* (33) July 18. 


Topographical. 


The Construction Maps and Charts.* (29) May 

The New Coast and Geodetic Survey Precise Level; Possible Successor the Wye 
Level.* John Hayford. (13) July 

Base Line Measurement West Point.* Joseph Kuhn. (14) July 

Graphical Method Setting Slope Stakes. J.M. Rudiger. (13) July 30. 

The Magnetic Observatories the United States Coast and Geodetic Survey Opera- 


Water Supply. 


Wrought-Steel Conduits for Gravitation and Pressure Water-Supply. Herbert Fether- 
ston Lloyd. (63) Vol. cli. 

Comparison Three Methods Estimating Quantities Soil Stripping from Water 
Supply Reservoirs. (1) Apr. 

Method Estimating Quantities Soil Excavation from Wachusett Reservoir.* 
Charles Bowman. (1) Apr. 

St. Louis Water Supply. (1) May 


The Center Square Water-Works Philadelphia; The Source Water Supply from 
1801 1815.* (13) May 14. 


The Utilization Utah Lake Reservoir.* Hardesty. (13) May 21. 

Gas Engine Pumping Station.* (14) May 23. 

Construction Work for Water Power Plant near Danville, Va.* (14) May 30. 

Tests with Pelton Wheel. Houston. (Paper read before the Inst. 
Engrs. and Shipbuilders Scotland.) (47) Serial beginning May 30. 

Developments Related Electric Installations.* Jackson. (4) 


une. 
Report Tests Three New Pumps for Chicago Water Works, Made 1902.* (4) 
June. 


Great Electric Installations Italy: The Hydro-Electric Station Cenischa.* Enrico 
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TESTS THE EFFICIENCY HOISTING 
TACKLE. 


PRESENTED SEPTEMBER 1903: 


For the purpose gaining information the efficiency 
hoisting tackle, extended series tests was made recently the 
Pencoyd plant the American Bridge Company, with standard types 
blocks, and various combinations manila and rope. The 
tests were arranged reproduce, nearly possible, actual 
conditions under which hoisting tackles are used the field. 

eye-bar testing machine, 300 tons capacity, and vertically- 
moving hydraulic crane, were used making the tests. One block 
was attached the fixed head and one the movable head the 
machine, the latter having horizontal motion, under constant 
pressure, about ft. The 


Fixed 
Movable 
line was led, shown Fig. 


from the movable block 
snatch block the fixed end 
the machine, thence, with 180° 

turn, second snatch block, 
thence, with 90° turn, Fig. 


vertically-moving hydraulic crane, which furnished the lead-line pull. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will 
subsequent number Proceedings, and, when finally closed, the papers, with discussion 
full, will published Transactions. 
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The load registered the testing machine was thus carried 
many parts line ran the movable block, this number being one 
excess that leading the fixed block. 

The load the machine, and the pull exerted the crane, were 
taken from their respective mercury pressure gauges, upon which 
many simultaneous readings were made for each individual test. 
Separate readings, course, were taken determine the friction 
the testing machine and crane. 

Each combination tackle was tested lifting, with the 
movable block approaching the fixed block, lifting load; and 
for becket pull, e., with the movable block receding from the fixed 
block, lowering The results these tests are shown 
Table No.1. The tested efficiencies there given are derived follows: 
the load the machine, the number parts line carry- 
ing the load, and the pull the crane, the tested efficiency for 


For the becket pulls, which the machine pulling against the 


straight lifts 


crane, analogous value for efficiency the pull 


the machine, the number parts line, and the resistance 
the crane. should noted that the results the individual 
tests, given the column tested efficiencies, are each derived 
from large number (in most cases forty fifty) gauge readings. 

Under field conditions, lead-line frequently snatched number 
times before reaching the engine. was desired, therefore, 
obtain results the tests, free from the influence the two snatch 
blocks used, and involving only the parts the line holding the 
load, which the first should 
shown Fig. 

For this purpose the efficien- 
cies the combinations tested 
were worked out according the method given 

The formula there used for the efficiency fixed pulley 


_*The Mechanics Hoisting Machinery.” Translated from the second German 
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effective radius distance from center pulley 

center rope; 
radius sheave pin; 

coefficient journal friction 0.08; 

empirical constant. 
The efficiency the movable pulley, for forward motion, 
1+K 


lifting, 


For reverse motion, becket pull, 
was found that constant value did not give computed effi- 
agreeing sufficiently well with those the Accord- 
ingly, different values were selected for the different sizes 
rope. These are given Table No. together with the efficiencies 
computed from the formula. 

The constant, for wire rope, was derived from the tests 
and parts line, the friction the testing machines the 
tests and parts line was large proportion the load 
lifted render the results the two tests doubtful value. 

Table No. contains the essential dimensions the blocks tested. 

Having determined suitable value for each size line, 
only remained compute the efficiencies the several combinations, 
omitting the snatch blocks. 

The results are shown Table No. together with the lift each 
combination per unit pull lead-line; the lead being, explained 
previously, the first part the line holding the load. 

Assistant the Chief Engineer, assisted Mr. Wonson, Assist- 
ant Engineer. 
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TABLE No. AND EFFICIENCY TACKLE WITHOUT SNATCH 


Lift per unit 


Efficiency: 
Parts line. lead- Percentage. 
ne. 
4.48 
4.92 
1.91 
2.67 
4.89 
2.64 
$ 4 3.30 83 
3.84 
5.08 
5.14 
5.45 

3.47 

4.11 

5.20 

iH 10 6.46 65 

7.08 

Center sheave pin Diameter sheave 

Metaline bushed. tread sheave. pin. 

12-in. blocks for manila ins. in. 

16-in. blocks for 134-in. manila line........ ins. 
20-in. blocks for 2-in. manila line...... ins 
Snatch blocks for manila line............. 
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SOUTH AFRICAN IRRIGATION. 


PRESENTED OcTOBER 7TH, 1903. 


South Africa may said that the limit private enterprise 
the construction irrigation works has only been reached far 
leading the ordinary flow the smaller streams concerned. The 
ditches, furrows, they are many cases have been made 
the farmers without any levels, the usual procedure being test 
the furrow, construction proceeds, letting the water follow 
the work. The result that the fall generally insufficient, and 
great deal silt deposited flood time. 

rule, loose rock weir, from ft. high, required, 
thrown across the stream the point The following are 
typical colonial furrows, the figures having been determined the 
writer from actual survey. 

Case 1.—Length, miles. Flow into river near fields, average 
condition, 1.98 cu. ft. per second. Waters, 616 acres. Flow river, 
observed during one summer: minimum, cu. ft. per second; maxi- 
mum, 280 cu. ft. per second. Fall river, about ft. per mile. 
Greatest known flood, about cu. ft. per second. Catchment 
area, 239 sq. miles. Average annual rainfall source, 50.71 ins.; 
papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published ina 
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and, vicinity fields, 21.06ins. Seasonal rainfall: Spring, 4.73 
ins.; summer, 8.82 ins.; autumn, 5.56 ins.; winter, 1.95 ins. Wheat 
largely grown from the middle March the middle December, 
during which period the rainfall averages 11.75 ins., which supple- 
mented Other crops are maize, Kaffir corn and potatoes. 

Case 2.—A group five furrows. Maximum length, about 
miles. Average combined flow near fields, during three summer 
months, 4.33 cu. per second, 000 000 cu. ft. for the whole 
summer, exclusive the night flow which seldom used. Waters 
718 acres, all the year, and additional 350 acres the winter 
during good seasons. Flow river, observed during one summer: 
minimum, 0.07 cu. ft. per second; maximum, 378 cu. ft. per second. 
Fall river, about ft. per mile. Greatest known flood, about 
200 cu. ft. per second. Catchment area, sq. miles. Average 
annual rainfall source, 23.25 ins., and vicinity fields, 7.21 ins. 
Seasonal rainfall: spring, 2.02 ins.; summer, 1.43 ins.; autumn, 2.76 
ins.; winter, largely grown food for ostriches; 
other crops are tobacco, wheat, barley, maize, beans, vines and 
fruits. 

There considerable irrigation from springs fountains,” 
they are called, but, unfortunately, there are statistics any kind 
available, and even the case furrows there only very partial 
record which refers mostly those used for village water supplies. 
The finding and opening two these will now 
described, they are rather interesting. both cases the sites 
were inspected and the details noted and checked the ground, 
far possible. 

Case 3.—A farmer purchased farm acres which there 
was water. After time noticed signs moisture hollow, 
which therefore plowed over regularly assist the summer 
thunderstorms forming sluit (stream) and opening the ground. 
This resulted the rock being laid bare, eventually, depth 
ft. from the surface, and, the flow water was then stronger, 
and trap dike ran across the country just below, decided have 
bores put down. 

Four bore holes were drilled ft. into the rock, and iron 
pipes were laid from them small reservoir near to, and com- 
manding the cultivated ground; the pipes being ins. diameter 
and having slope. The all, said equal 
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160 000 galls. hours, say 600 cu. ft. days this would 
enable acres get watering ins. 

The farmer uses this supply over area 140 acres, and says 
enough provide against drought, and save the crops bad 
seasons, while increases the yield very much good seasons. 

Case 4.—A farmer, this case, also, noticed moisture above trap 
dike, and excavated what appearance miniature railroad cut- 
ting, with slopes about formation width ft., and depth 
about ft. the rock. Three holes, about ins. diameter, were 
bored the rock depth only ft., and from each hole water 
boils height several inches, and runs down the cutting 
small reservoir, where stored. 

There are great many these fountains, both the Cape and 
Orange River Colonies, and believed there are also good many 
the Transvaal. 

Many farms have one more small catch surface 
water. avoid risk, these are usually located near the water- 
shed possible, consistent with getting catchment all. These 
are sometimes used for watering cattle, and sometimes irrigate 
gardens. Very few hold much 500 000 cu. ft. 

Occasionally, dams are thrown across well-defined stream, but 
owing defective design and construction, want adequate 
waste weir, many these have burst, and their ruins can seen 
many parts the country. 

Successful storage works, any magnitude, for irrigation, are 
very scarce. There are also very few wells used for irrigation the 
Cape Orange River Colonies; but Natal the free Indians, mostly 
from Madras and Bengal, have excavated some, and lift the water with 
picotahs irrigate their small patches ground, which these 
industrious people raise very fine vegetables. sum up, may 
said that leadings have only been taken from the smaller streams 
which run near the surface the country, and hardly all from the 
larger ones and those which run considerable depth below the 


surface, while wells and large storage works for irrigation are almost 
unknown. 


The geology South Africa somewhat puzzling, has not 
yet been worked out thoroughly, and, indeed, cannot until better 
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map available. addition, many contradictory statements, based 
hurried visits the country, have been made geologists, and 
these have only served complicate matters. 

far known, intrusive granite rocks appear form the basement 
the country. They are exposed Cape Town the sea level, con- 
tact with the overlying series slates and compact quartzites, called, 
the Cape, ‘‘Malmsbury beds,” which are the oldest, known sedi- 
mentary rocks thus far discovered. 

Again, the Transvaal, elevation some 800 ft., granite 
exposed here and there over considerable areas north Johannes- 
burg. also exposed the base the Drekensburg Range the 
Kaap Valley, and the bed the Letaba River, north the 
Murchison Hills. 

would appear that there was considerable denudation through- 
out the country, followed upheaval and then more denudation; 
also, that the denudation increased from north south, and that the 
débris traveled southward. result the general upheaval, 
the slates and quartzites, not only the Cape, but the Orange 
River Colony and the Transvaal, have generally very high angle 
dip. 

Peculiar throughout South Africa are the intrusive trappean dikes, 
which penetrate, not only the granites and the slates, but other forma- 
tions, although, thus far, they have not been noticed the Table 
Mountain sandstones, series rocks the Cape which lies uncon- 
formably the edges the Malmsbury beds. Locally, 
where these trappean dikes have been intruded, and they are very 
numerous indeed, there has been, naturally, much disturbance and 
alteration the overlying rocks. The dikes are generally diabase 
and dolerite the Cape, but are said mostly diorites the 
Transvaal. 

The slates, generally speaking, are rotted considerable depth. 
The writer has found this the case ft. from the surface, and 
streams running over these rocks often disappear, only reappear 
some intrusive trap dike which bars the way further underground 
movement the water. The late Furlonge, Am. Inst. Min. 
Engrs., mentions* that the granite the Kaap Gold Fields 
decomposed depth 200 ft. 


Transactions, Am. Inst. Min. Engrs., Vol. XVIII, 1890, 337. 
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the usually flat-bedded series rocks, such the sandstone 
series, and the coal formation, alternate hard and soft layers are very 
common, and many the streams which flow over these rocks the 
writer has noticed that the bed has been more less blown up, owing 
the water getting into soft layer below the surface. 

difficult present say much the proper sequence 
the rocks which lie above the Malmsbury beds the Cape, and above 
the slates the Transvaal, because the geology all the colonies has 
not yet been treated whole, but may said that these rocks are 
often much altered and contorted result the dynamic move- 
ments which have taken place, and that the origin some them 
has not yet been accounted for satisfactorily. may mentioned, 
however, that while, the Cape, the Table Mountain sandstones lie 
unconformably the upturned edge the Malmsbury beds, the 
Transvaal stated that the sandstone series there lies conformably 
the slates. 

The soil covering, the whole, thin and quality. There 
are exceptions, course, but, comparatively speaking, these are 
small area, and are scattered widely. probable that, many 
other countries, for instance, the United States America, the soils 
the arid districts, particularly the Cape and Orange River Colo- 
nies, will found the most fertile; indeed, the Cape Karoo 
the writer has noticed this fertility being most marked the few 
places where water has been applied. great extent this is, doubt- 
less, due the presence lime and various salts considerable 
quantities which the scanty rainfall has been unable wash out. The 
lime the form very fine powder, and conspicuous the 
eye. 

The following difficulties are likely present themselves the 
hydraulic engineer, many cases: 

1.—Indifferent foundations for large masonry dams. 

2.—Scarcity good puddle. 

3.—Leaky reservoirs and canals. 

the writer’s opinion, the method construction for storage 
works most suited the country, the whole, will found 
concrete core-walls carried well down, with rock-filled outer slopes 


and inner slopes earth, not only from the geological point view, 
but from the economical one also. 
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The seasons are opposite those Europe, 
Spring: September, October, 
Summer: December, January, February; 
Autumn: March, April, May; 
Winter: June, July, August. 
The mean temperatures typical places the Colonies, during 
the various seasons, the year 1899, are shown Table No. 


DuRING THE VARIOUS SEASONS THE YEAR 1899. 


Place. Colony. Elevation. Spring. Summer. 


| 
| 


Port Elizabeth Sea Level. 
Somerset East ft. 
Durban Natal Sea Level. 
Ladysmith 
Bloemfontein.,...... Orange ft. 


> 
29 


Johannesburg Transvaal 735 ft. 


Maritzburg, Natal, the winter temperature would ripen cereals 
the days were long enough, exceeds the summer temperature 
Calgary, Alberta, the Dominion Canada, the latter being only 
58.8 degrees. Calgary, wheat and oats ripen this temperature, 
which shows the potent effect light, there are hours daylight 


Calgary, compared with some hours during the winter 
Maritzburg. 


Tables Nos. and give the seasonal and annual rainfall for places 
located along the drainage lines the country. 

These records have been compiled the writer from various 
sources and speak for themselves showing how much irrigation 
needed; but, all the variations from the mean could have been 
shown, they would have afforded still more potent argument. 
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Papers. 


Hydrographic 
istrict No. 


We 


Main river. 


Great Berg........ 
Olifants..... 
Hartebeest ........ 


Kraal..... 
Great Salt......... 


Umzimvubu....... 
Groen Water...... 


Wellington........ 
Sutherland........ 
Beaufort West.... 
Graaf Reinet...... 
Victoria West..... 
Steynsburg........ 
Great 
Mount 


Source. 


record...... 
record....... 


AVERAGE RAINFALL, 
Seasonal. 
Midway. 
5 a =| 
2.45] 11.85) 18.00) 41.65! 10 |Robertson......... 
5.86) 5.85) 1.76) 18.76; 10 '‘Jansenville........ 
4.30) 4.16) 0.94) 11.76) 10 |Willowmore....... 
5.43) 4.35) 0.80) 12.06) 10 ‘'Britstown.... 
14.86) 7.73) 1.56) 35.2 


| 


AVERAGE RAINFALL, 
INCHES. 


Seasonal. 

6.05) 1.40) 6.02) 8,89) 22.36 
4.46 4.09) 1.13) 
8.49) 4.86! 12.05 
6.46) 11.20) 7.65) 3.05) 28.31 
10.27) 2.25) 34.11 


Num 


ber years 


in 


. . . . ~ 
| 
| 
A 
| 
| | 
28 


mM 


TABLE No. ORANGE TRANSVAAL AND 


AVERAGE RAINFALL, 


In 


AVERAGE RAINFALL, INCHES. 


Length record 


Seasonal. Seasonal. 


Hydrographic district. 


years. 


Length record, 


Summer. 
Autumn. 
Winter. 
Summer. 
Autumn. 
Winter. 
Annual. 


ORANGE RIVER COLONY. 


Rhenoster 


TRANSVAAL COLONY. 


NATAL COLONY. 
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The writer, however, will give one instance which has quite con- 


vinced him that farming without irrigation, under the rainfall 


conditions South Africa, pastime. The average summer rain- 


fall for Maritzburg 17.90 ins., but during 1901-02 was 10.62 ins., 
and during the season 1902-03 has been only 6.29 ins., with the 
result that crop could grown without artificial watering, and 
everything sown under rainfall conditions unfor- 
tunate that hydraulic engineer has yet had the opportunity dis- 
cuss the detailed rainfall records South Africa from his own point 
view, for there much learned which the ordinary reports 
not deal with, such seasonal rainfall, intensity precipitation, 
droughts, variableness the rainfall, ete. 

The writer, however, hopes that, regards seasonal rainfall, 
which important considering irrigation, has helped fill 
the gap, far the records his disposal allowed. 


Part THE 1902-03. 


The writer would advocate strongly the use seasonal, instead 
monthly, annual, rainfall records dealing with irrigation prob- 
lems, they show much clearer manner what, any, artificial 
watering required for any particular crop. 

the writer’s report colonial irrigation,* forms were provided 
which included the seasonal rainfall among other details re- 
corded. 


WATER 


The writer has compiled Tables Nos. and lists the 


principal rivers South Africa, together with facts which are likely 
useful the hydraulic engineer. 


Blue Book, 76, 1899. 
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Great Salt... 
Great 
Umzimvubu 
Malopo...... 
Groen Water 


Name 

Source. 

Mts....... 


Nieuwveld Mts....... 
Nieuwveld Mts....... 
Sneeuwberg Mts..... 


South Victoria West 


Near Victoria West.. 


Zuurrberg Mts....... 
Stormberg Mts....... 
Drakensberg Mts..... 
Kalahari 


Mount 


Outfall. 


Ocean.. 
Ocean.. 
.|Atlantic 
River... 
Indian Ocean.... 
Ocean.... 
Indian Ocean.... 
River... 
River... 
River... 
Ocean.... 
Ocean.... 
River... 
Orange River... 


Vaal River...... 


Length INCHES. 
miles 
Source. 

170 5.74 9.74 
140 41.65 13.03 
100 25.58 22.36 
215 6.48 9.41 
370 
200 9.7 8.40 
200 18.76 
260 11.76 11,04 
160 12.06 12.05 
115 27.70 
265 
160 23.79 
150 35.21 
380 record 
115 Norecord. 16.59 
140 Norecord. 25.50 


ther north. 


and the Caledon River flowing west. 


addition, the Orange and Vaal Rivers form boundaries between 
the Cape, Orange River and Transvaal Colonies. The former ap- 
proximately 100, and the latter 600 length. Mention should 
made here the great mountain the Drakensberg Range, 
aux Sources,” 000 ft. height, from the base which 
four important rivers take their source, viz., the Wilge River flowing 


north, the Tugela River flowing east, the Orange River flowing south, 


The Vaal River also rises the Great Drakensberg Range, but fur- 


Name River. 


Source. 


aux 


Outfall. 


aux Sources River... 
River...... 
Beyers Bergen...... River....... 
Witte 
Elands River. .... 


Vaal 
Vaal 


Mts... 


Length, 
miles. 


RAINFALL, 


19.76 
80.89 |..... 
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180 
155 
Rhenoster....... 100 
150 
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Rivers Transvaal Colony.—The Transvaal has not been well 
mapped the other colonies, particularly the northern portion, which 
contains the principal streams. Generally speaking, line drawn east 
and west through Johannesburg would represent, approximately, the 
divide between the Vaal and Limpopo Rivers, and south that line 
the streams, comparatively speaking, are insignificant. 


RAINFALL, INCHES. 
in 


Drakensberg Mts..../Tugela River.... 130 30.39 


Snow falls more less the principal mountain ranges every 
winter, particularly the Drakensberg, Stormsberg, Sneeuwberg and 
Langeberg. 

The writer has estimated* that approximately the rainfall, 
flowing waters, plus, possibly, ground-waters, might available 
the Cape Colony for irrigation; the mean annual rainfall varying 
from ins. for the various hydrographic districts. 

Allowing acre-feet the fields, the duty water, the supply 
worked out sufficient for the total area the Colony for 
which statistics were available (viz., Districts 10), say 000 000 
acres. 

the light present knowledge difficult say whether this 
was under over estimating the case. 

The writer, however, has since seen estimate} made for the arid 
districts the United States which the supply there stated 
sufficient for 000 000 acres, the total land surface being 892 000 000 
acres; or, practically, for the area the arid districts the 
United States, against for ten out the twelve hydrographic 
districts Cape Colony. 


Report Colonial Irrigation, and Hydrographic Survey, with 
Cape Good Hope Blue Book, G76, 1899. 


the United Frederick Haynes Newell, Chief Hydrog- 
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Owing the scarcity rainfall records, was not found possible 
estimate for Districts and 12, and therefore they were excluded. 

The writer understands from Mr. Newell’s book, however, that 
the United States the present time the total area actually irrigated 
does not equal the land surface. Very few flow measurements 
have been made South Africa, therefore the following records may 


Hydrographic District No. Cape Colony. 


Catchment area, square 
Summer rainfall, miles (one season, 3.07 


Feb. 21st, 


Discharge millions cubic 55.8 

Estimated maximum cubic feet persecond. 200 


Observed maximum flood, cubic feet per second 
Observed minimum flow, cubic feet per second. 0.077 
discharge, for summer.............. 0.115 
The coefficient discharge referred the rainfall the lower 
end the catchment. referred the gauge the mountains, 
would only 0.056. 
The river was cross-sectioned very carefully, and velocities were 
measured floats various stages the stream. The heights were 
measured gauge post irregular intervals, but the results are 


believed fairly accurate. 


Hydrographic District No. Cape Colony. 


Catchment area, square miles.................. 
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Rainfall, inches, for one year, Oct., Sept., 


Period measurement flow, Oct., Sept., 
Discharge, millions cubic feet 
acre-feet 


Observed maximum cubic feet per second. 


ce 


feet per second 
per square mile 


Observed minimum flow, cubic feet per second.. 
discharge, for the year 


The coefficients discharge are referred the. mean nine fif- 


teen rain gauges located over the catchment. 
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13.75 
year. 
240 
379 


4.8 
0.23 
0.055 
0.016 
0.065 
0.050 
0.076 


The flow was meas- 


ured very carefully over 20-ft. rectangular notch, and, addition, 


12-in., Y-notch was used for small discharges. 


Hydrographic District No. Cape Colony. 
Principal river basin 


Catchment area, square miles.................. 145.58 


Rainfall, inches, for 1898 


Period measurement flow, Jan. Dec. 
Discharge, millions cubic 702 


Observed maximum flood, cubic feet per second. 150 


cubic feet per second 
per square mile 


Observed minimum cubic feet per second. 
Coefficient discharge, for the year 
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0.42 
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0.065 
0.147 


— 


602 SOUTH AFRICAN IRRIGATION. [Papers. 


The coefficients discharge are referred the mean twenty- 
two twenty-three rain gauges located over the catchment. The 
flow was measured carefully over one 12-in. two 20-ft. rect- 
angular notches, and, for extreme floods, channel 150 ft. length. 
During January, 1898, the average rainfall over the catchment was 
6.45 ins., while the previous average the village for years was 
only December 6th, 1898, 3.07 ins. fell, the average for 
the month December for years being 1.96 ins. 

The measurements for District No. were not made the writer. 
They are believed thoroughly reliable. 


Crops. 


The principal ordinary crops grown South Africa are follows: 
Maize, Kaffir corn (Sorghum culgare), oats, barley, potatoes, pump- 
kins, beans and lucerne. 

These are the standard crops, grown more less almost every 
farmer, while wheat and turnips are only grown certain districts. 
Excluding the comparatively small portion the Cape Colony which 
subject good winter rains, the periods sowing and the number 
months taken mature crops are generally shown Table 
No. 


Crop. Period sowing. 


rule, oats, barley and lucerne are grown under irrigation, and 
the others generally dry crops, but the maize and Kaffir corn would 
benefit greatly being irrigated also. That this not done due 
the fact that they are grown much larger scale than the other 
crops, and usually lands which are not capable being watered 
from the small irrigation systems most farmers. Oats and barley 
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can grown during the summer months, but they almost invaria- 
bly rust that time, the winter crop preferred. 

The early and late crops potatoes are the most valuable, the 
first catch the market time the year when they are very 
scarce throughout South Africa, and the last keep long pos- 
sible through the winter. Maize and Kaffir corn are generally grown 
for their grain and the stalks are given the cattle afterward. 
and barley are grown for forage; the former generally sold 
pressed bales oat hay. The latter usually sold green after has 
come into head. Lucerne sometimes used green for fodder, and 
sometimes made into hay and baled. 

the yield South Africa poor. The following are 
considered fairly good crops under favorable rainfall conditions: 

Maize (corn) ton per acre, say bushels; 
Oats (forage) ton per acre; 
Potatoes, tons per acre, say 127 bushels. 


The usual prices obtained for good samples are follows, depend- 
ing the supply: 


Maize (corn) per 100 Ibs. ............ 6s. 11s. 
Oats (forage) 6s. 6d. 10s. 6d. 


Maize, Kaffir corn, pumpkins, and potatoes will not stand any 
frost, while oats, barley, are not injured thereby. Frosts 
may occur anytime between April and August, and occasionally 
September and October. They are sometimes very severe, depending 
the altitude, and often ruin the fruit crops high places, like the 
Stormberg District the Cape Colony. 

Apple and pear trees bloom August and September, and the 
fruit ripe December March. Citrus fruits, such oranges 
and lemons, are ripe June September, grapes January 
March, and peaches and Japanese plums January and February. 
Grapes are grown very large scale vineyards, for making wine 
and brandy, the district subject winter rains (Western Province 
Cape Colony), and are usually irrigated. 

Elsewhere, with summer rains, which spoil the quality, they are 
only grown small private gardens. 
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With regard the water supply required produce crop, the 
following may looked minimum, but for full development 
double the quantity not too much the case cereals and lucerne: 


Oats and barley (winter 


The writer would strongly advocate all crops being sown drills 
with wide intervals, instead either broadcast drills with 
narrow intervals, generally practised. has experimented 
good deal this direction, and believes the following distances will 
usually result yield quite the average, while the advantages, 
the way enabling water easily applied, are very great. 


Maize for Corn.—Six feet between the drills and plants ft. apart 
the drill. 

Maize for Fodder.—Three feet between the drills, and continu- 
ously the drill. 

Oats and Barley.—Three feet apart between the drills, and contin- 
uously the drill, with the usual allowance seed per acre. 

Lucerne.—Two feet apart between the drills, and continuously 
the drill. 

the latter case the writer commenced with intervals, but, 
finding that the outside rows always came about 50% higher than 
the others, increased the distance ft. 


AFRICAN FARMER. 


The South African farmer carries his art under difficulties which 
would appal many English farmer, notwithstanding the latter’s 
troubles the way low prices, bad weather, and occasional short- 
age labor. 

The weather and labor troubles are serious enough South 
Africa, probably worse than England, but, addition, there are 
many other things, such insects and fungus pests, very dangerous 
cattle diseases, and, the majority cases, want transport 
facilities, and farms far too large for anyone with ordinary amount 
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capital work properly. Implements, good seed, and manure are 
also high price, and times unobtainable. 

When the war broke out, the beginning October, 1899, that 
years ago, practically put stop all professional work for the 
Civil Engineer, and that state affairs has continued the present 
day. Under these circumstances the writer has learned his lesson 
South African farming that greatest all schools Practical 
Experience.” ‘That experience was undertaken with two objects 
view, the first being try and reduce the cost living the most 
expensive country the world during very trying time, and the 
second gain some knowledge the needs the farmer regards 
irrigation. The writer’s opportunities, like his water supply, have 
been limited, but has learned much, and hopes few his 
gleanings from his farm acres Natal, may interest 
others. 

The majority insect pests are worse seasons drought, when 
the plants are least able withstand their ravages, and probable 
that plentiful irrigation would, most cases, locusts excepted, result 

The following are the writer’s notes the water supply neces- 
sary give crop, but, course, the question complicated 
that unknown factor, the quantity moisture the ground, the 
time sowing, which the plants can avail themselves. 

Maize.—Sown sloping ground rows ft. apart, November 
4th, 1902. Each row Gunter’s chains length. Rather dry, red 
soil. Rainfall, follows, from time sowing time full matu- 
rity: November, 1.38 ins.; December, 3.27 ins.; January, 1.06 ins.; 
and February, 1.85 ins.; total, 7.56 ins. Irrigated November 
17th, December and January 7th, each time with cu. ft. per 
row; equivalent ins. rainfall each time. 

Notwithstanding this treatment, and the rainfall, they wilted con- 
siderably; some the leaves died off, and they did not develop 
they should. Irrigation was then commenced the rate 
ft. per row, equivalent ins. rainfall. Two these irrigations 
were given, one toward the end January and the other early 
February, and the effect was very marked increasing the growth 
and the color the leaves. 


Including the rainfall, the quantity water was 16} ins., which 
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rather underthe average summer rainfall Maritzburg, with which 
tolerably fair maize crops are grown without irrigation. 

The crop question was fair, the average height being ft., but 
would have been better with earlier irrigation. 

Another crop, under rainfall conditions alone ins.), but sown 
later, has only attained average height ft., and failure. 

Last year poor crop was obtained flat ground, and rather 
moist black soil, without irrigation, the total rainfall being about 
14ins. The writer the opinion that maize will benefit, and only 
obtain full development with least ins., including rainfall. 

Oats.—During the winter season, 1902, the writer’s forage crop was 
decidedly good, and was grown entirely under rainfall conditions, 
but the previous winter crop was taken off the ground. 
Period sowing, April June 4th. Period reaping, 
October 6th December Weight crop per acre (straw and 
grain), about for average period, ins. 

this case there would more moisture the ground the 
time sowing than the case maize, was the end the 
monsoon, instead the beginning, and besides the dews are heavy 
during winter and the evaporation less. 

Potatoes.—During the season, 1901-02, the writer had good crop 
potatoes, for South Africa. These were not irrigated, the rain- 
fall was ample. They were planted December 16th and were ripe 
the end March. 

The rainfall during this period was follows: December, 2.71 ins. 
January, 3.79 ins.; February, 3.47 ins.; March, 4.99 ins.; total, 
14.96 ins. The vines attained full development and flowered pro- 
fusely, and some the tubers were very large. The seed was Sut- 
ton’s (imported) Early Rose. Yield, tons per acre. 

Lucerne.—The lucerne plots are Gunter’s chains length 
ft., and some cases ft. wide, and are being watered eight- 
arm sprinklers, working under head about ft., the rate 
ins. every days, plus rainfall. too early yet speak the 
results with certainty, but there fair growth. 

The writer, however, from his experience the Cape Colony, 
believes that while ins. per annum will produce fair crop, ins. 
are required for good one, and the rainfall should supplemented 
accordingly. 
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Apple Trees.—During the season, 1901-02, twenty apple trees pro- 
duced fruit. The trees blossomed September. The 
first apples were picked December 16th, and the last Feb- 
ruary 5th. 

From the time blossoming the end the fruit season the rain- 
fall was 11.7 ins., and during this period each tree got three irriga- 
tions, each cu. ft.; total cu. ft., which corresponds to, 
say, 2.3 ins. rainfall when the trees are set about ft. apart. 
The total quantity water was therefore 14ins. This was good 
crop for South Africa. 

During the season the apple trees only 
produced 900 lbs. fruit. The trees blossomed September. The 
first apples were picked December 18th, and the last February 
18th. From the time blossoming the end the fruit season the 
rainfall was 7.9 ins., and during this period the total irrigation, 
divided among all the trees, was 300 cu. ft., corresponding 6.6 ins. 
The total quantity water was this case, owing 
the drought, there would have been crop all but for irriga- 
tion, tree higher which could not irrigated produced noth- 
ing although blossomed well the others. Owing the scarcity, 
the apples sold the Christmas market realized 4d. per pound. 

Lifting Water for Irrigation.—All the writer’s irrigation has been 
done with ground water. the western boundary the farm there 
(stream) with dry bed, except immediately after thunder- 
storms; and one place the bank there was small spring which 
kept this particular spot moist. this site the writer sank well, 
lining continuously with galvanized corrugated-iron sheeting, from 
ft. above the ground surface the bottom. The sheets were bent 
the ordinary way rolls, each semi-circle, used for making 
tanks; but, instead soldering them together, the writer fastened 
them with and nuts, was not necessary desirable that the 
lining should watertight. The total depth the lining ft., 
the diameter the top ft. and the bottom lining was 
bolted sections, generally ft. height, and was passed 
down sinking proceeded, the diameter, course, diminishing con- 
tinually from top bottom. The top portion, ft. above the ground 
level, was designed keep out floods and cattle. The well was also 
roofed over keep out leaves and branches from the neighboring 
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trees. small door was placed one side for inspection, and trap 
door the flat roof allow additional sinking 
ladder was fixed inside give access the suction pipe and foot- 
valve. 

The writer can recommend this method, country where brick 
masonry lining very expensive, until the water supply has been 
proved worthy further expenditure, and afterward would 
easy fix mould and provide thin concrete lining. engine- 
house, ft., old corrugated sheets, has been erected just out- 
side the well, which the lifting machinery placed, consisting 
Gardner oil engine, H.-P., and Tangye double-acting hori- 
zontal pump, ins. diameter and with 6-in. stroke. The suction 
pipe ins. diameter, with one bend, and the average lift ft. 
large corrugated-iron tank through 850 ft. galvanized wrought- 
iron piping, also ins. diameter, with eight bends. 

The main passes through lucerne beds, which are the same level 
the engine and pump, and provided with crosses every ft. 
having 1}-in. outlets closed plugs, that hose can connected 
for attachment sprinklers. The sprinklers usually work under the 
tank head, but occasionally they are worked under the pumping head 
when the engine operation. the former case each sprinkler 
throws about 175 200 galls. hour, but the latter case the dis- 
charge more than doubled, they run very fast under the pumping 
head. 

The pump throws galls. minute, depending the pulley 
used, but could run faster necessary. 

The engine, which works 320 revolutions minute, also used 
drive corn mill which placed alongside the pump, for grinding 
maize, wheat, beans, peas, etc., coarse fine, required for cattle 
and poultry feeding purposes, for household use. With engine, 
pump, and piping new and good order, the cost lifting 1000 galls. 
water ft. high through the main referred is, for fuel alone, 
pence, that for pint Homelight kerosene oil shillings per 
case Imperial gallons. This amounts shillings per 
acre-foot. many cases ins. water plus the rainfall would 
make good crop, and the writer thinks would pay lift water 
this way, even with oil costing shillings case, which would in- 
clude most districts inthe Orange River and Transvaal Colonies which 
are served railways. 
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special and very careful measurement was made the oil used, 
which ineludes both cylinder and lamp, and the water pumped was 
measured the tank previously referred to. 


AND MATERIALS. 

The labor question serious one South Africa. The 
lazy, finds living very easy, and will not work continuously. The 
general public object the importation Indians extensive 
scale because they eventually enter into competition with small 
white traders, and occasionally with large ones, and, worst all, the 
white man does not labor partly because thinks undignified 
while the Kaffir here for him, and partly because, rule, 
not offered proper living wage. 

white labor develop the country, the cost living, which 
abnormally and improperly high, must diminished. things are, 
the mines and the various Colonial Governments monopolize all the 
colored labor for their works, and want more, and the unfortunate 
farmer comes bad third. With regard materials, imported 
Portland cement generally used for masonry concrete public 
works, and the cost, bond Cape Town Durban, for barrels 
400 lbs. gross, being about shillings for good brands. The 
duty per 100 pence, say shillings per barrel the 
coast, duty free, and the cost carriage rail country about 
shillings per barrel per 100 miles. 

This high charge and the long distances involved make the use 
cement country almost prohibitory, far economical works 
are concerned. The writer, his Report Colonial Irrigation,” 
advocated thorough investigation into the nature and composition 
the various limestones obtainable locally, with the view ascertain- 
ing how far these might substituted for cement the construc- 
tion hydraulic works, far knows, this has not been 
done yet any the colonies. 

Stone fit for concrete can generally obtained, but good clay for 
puddle scarce many parts the country. Timber dear, viz., 
from shillings per cubic foot the coast, while the carriage 
rail fully pence per cubic foot per 100 miles. 


Law. 
The Common Law South Africa pertaining water rights the 
Roman Dutch Law. This law divides streams into two main divi- 
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sions, viz., public streams and private streams, and the former are 
defined perennial streams. 

Public streams are common all for the purpose supporting 
life, and therefore the rights riparian proprietors are always lim- 
ited the natural rights the public, far the latter are capable 
being exercised. The Roman Dutch Law sufficiently elastic 
alapt itself the special characteristics the country. For instance, 
has already been accepted axiom, the Courts the Cape 
Colony, that river may become dry the heat summer without 
forfeiting its character perennial stream. That 
distinction drawn between streams which generally flow, and only 
occasionally become dry, and streams which are generally dry and 
only flow after rain. 

therefore probable that the law capable adapting itself 
practically all the needs this country, regards irrigation, the 
same way the Common Law the United States has adapted itself 
already, great measure, the needs that country. 

does not follow, however, that the law perfect stands; far 
from it; and some alterations are certainly required. The most urgent 
requirement right passage water act (carrying with it, 
course, right expropriate land payment reasonable compen- 
sation), which can utilized the case beneficent works, and, 
needless say, governments strong enough carry out its pro- 
visions, because the Cape Act, thus far, has been dead letter. 

there one thing which the Roman Dutch Law recognizes, 
that actual beneficent use must proved before any right water 
can obtained, and this most important matter. 


There still ample room South Africa for individual private en- 
terprise use ground waters, pump from perennial rivers, and 
some cases make reservoirs large farms having private streams. 

There also room for enterprise large scale lead water from 
streams too deep beneath the surface the country dealt with 
the ordinary farmer’s furrow; but, cases, weirs, and other 
engineering works magnitude, are required; however, until the law 
amended, these works could not easily undertaken private 
enterprise. 
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possible, also, that few large storage works might carried 
out the same way, but the writer opinion that, rule, 
would not pay private enterprise undertake them, the cost 
construction, under present circumstances, likely very high. 

has been recommended Mr. Willcocks, the Daira Sania 
Company, Cairo, that all public streams the Transvaal and 
Orange River Colonies should proclaimed state property, which, 
the writer understands it, would result all irrigation works being 
out the Government for the good the general public. 

Thus far, this proclamation has not been made, but quite 
certain, the other hand, that irrigation left wholly private 
enterprise, the Government will left, eventually, the United 
States, deal with the storage problem. 

Much said both sides, but must remembered that 
South Africa the Governments not possess Crown Lands the same 
wholesale way America possesses Public Lands the arid Western 
States. 

some parts the Transvaal, particularly, there are ground- 
waters, very extensive scale, from which considerable develop- 
ment may expected, and both the Transvaal and Orange River 
Colonies most the rivers flow for long distances with very little fall 
through the comparatively flat country the central districts, and 
rather deep beneath the surface. 

his evidence before the Imperial Land Settlement Commission, 
Cape Town 1900, the writer advocated pumping schemes large 
suitable for the country. will therefore not out place 
compare the existing conditions with those Egypt, where pump- 
ing largely resorted and successful. 


English coal imported and used successfully, the cost- 
being about shillings per ton; 

Natives have charge the machinery; 

The lift generally low; 


oo 


winter temperature Lower Egypt 57° Fahr., 
and Upper Egypt 60° 

The mean annual rainfall Lower Egypt about ins., 

and Upper Egypt may described rainless; 
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The ruling price wheat 2s. 6d. 3s. per bushel; maize, 
2s. 3d. per bushel; beans, 2s. 9d. per bushel, and other 
produce similar scale; 

The yield maize varies from bushels per acre 
(irrigated). 


South Africa.— 


Colonial coal available; 

The Kaffir far from being mentally inferior the Egyp- 
tian 

The lift, generally, would high; 


The average winter temperature Johannesburg about 
52° Fahr., which may considered typical large 
portion South Africa away from the coast, and con- 
siderable elevation; 

The mean annual rainfall much heavier than Lower 

Egypt, but erratic, all arid and semi-arid countries; 

The price wheat per bushel varies from shillings 

the coast shillings country the line rail- 

way, maize shillings per bushel, and other produce 
similar 


=I 


The yield maize about bushels, without irrigation, 
but certain districts and favorable years may 
doubled. 


South Africa, compared with Egypt, the disadvantages are 
temperature and lift, and the advantages, local coal, heavier rainfall, 
and higher prices for produce. 

Three crops the year can obtained Egypt, but, under the 
temperature conditions South Africa, rule, only two, although 
places like Maritzburg, Natal, three crops are also possible. 

Coal found over extensive areas the Cape, the Transvaal and 
Natal, and some cases the quality very good. The price the 
general public unnaturally high, viz., the Cape about shillings 
per short ton trucks the pit, although the Government gets 
for the railways about shillings; but, doubtless, this will 
remedied when things settle down. The cost carriage varies from 
shillings per ton per 100 miles, depending the direction. 
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The writer the opinion that would advantageous use 
windmills large scale some parts the country lift water 
for irrigation; and Hydrographic District No. 12, the Cape Colony, 
particularly suitable area. The following taken from the 


records the wind force Kimberley, that district, during 
1899: 


Number days during which the 
force, during the whole hours, exceeded 


Number days during which the 

force, during the whole hours, 


Ground water generally plentiful this district reasonable 
depth from the surface. Mr. Willcocks has estimated that one-fifth 
the Cape Colony, one-half the Orange River Colony, and two- 
thirds the Transvaal, maize, potatoes, roots, generally, and pump- 
kins can grown with the aid the rainfall, but the writer 
somewhat inclined think that these areas have been over-estimated, 
and the erratic nature the precipitation and the farmer’s difficulties 
under-estimated. 

some ways South Africa not unlike the United States, for 
instance, the dividing line (20 ins. rainfall) between the arid and 
sub-humid districts, may roughly said lie between Vryburg and 
Port Elizabeth (24th 26th degree longitude) cutting the country 
half, while the United States the same division also occurs about 
midway (97th 100th degree longitude), and both cases the 
arid portion lies the westward. 

The principal difference lies the fact that South Africa more 
need irrigation than the United States, inasmuch the western 
half more arid and the eastern half less humid, making irrigation 
practical necessity for successful agriculture over almost the whole 
the country, with the exception narrow fringe along the 
coasts. 

The following comparison with Spain, which not the whole 


very thickly populated country, will give some idea the area avail- 
able for settlers. 
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TABLE No. 


Country. Area, square miles. Date. 
Cape 277 151 000 1891 
Orange River Colony...... 500 200 000 1890 
119 128 750 000 1890 


The following distances are measured the railways: 


East London Bloemfontein.................... 400 


concluding, the writer hopes that his agricultural remarks and 
statistics may not considered out place, somewhat unusual; 
for, the hydraulic engineer cater for the irrigation needs the 
farmer should know something the latter’s crops, their seasons, 
requirements and value, and the difficulties which are encountered 
growing them. 
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During the past eighteen months the writer has been charge 
about miles new railway construction, which were built num- 
ber different structures, some them not usual new railway 
work the West, and, thinking that perhaps might enable some- 
one similarly situated make approximate estimates cost, help 
the design masonry built advance the track, begs 
submit this paper. 

would proper state that there claim for originality 
the plans, many them being merely modifications the standard 
plans the road, the others having been used elsewhere other 
members the engineering profession. 

All the construction described portion line being built 
the Atchison, Topeka and Santa Railway from Newkirk, 
Oklahoma point miles south the Kansas State line), Pauls 
Valley, Indian Territory. 

intended use the new line for heavy freight traffic, the 
maximum gradient adopted was 0.6%, compensated for curvature 
the rate per degree. 

The sharpest curve allowed was 4°, all curves and more 
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being spiralled the six-chord spiral, modification parabolic 
curve originated Mr. Stephens, Engineer Charge Construc- 
tion, the grading being cross-sectioned and built the offsetted 
curves, 


Length ter- 


Degree Degree Terminal Offset, 
main curve. curve. angle. feet. 
8° 100 1° 30’ 1° 30’ 0.65 


For intermediate curves, intermediate values were taken. 

The length the terminal curve exactly divisible four, 
avoid fractions the chord lengths. 

The terminal curve hasa radius twice the length the main 
curve; the spiral half long again the terminal curve, one-sixth 
running back the tangent, four-sixths consuming the terminal 
curve, the remainder being the main curve. 

The line leaving Newkirk runs across drainage for the first miles, 
that some heavy grading was necessary, and number openings 
were required; for the rest the way, the first crossing the 
Arkansas River, the location along drainage lines presenting 
unusual features. 

this first section the entire country consists thin soil over- 
lying solid limestone, which can drilled and quarried easily any 
dimension, and which cuts perfectly. This stone hardens exposure 
the air, and not shattered frost. 

The original plans called for wood-box culverts, but, account 
stone being obtainable and the line being built for heavy traffic, 
the Chief Engineer, James Dun, Am. Soc. E., changed arches 
all the pile trestles which had sufficient headroom, and the wood boxes 
masonry culverts. for the masonry was let Mr. 
Lewis, Emporia, Kans., the following prices per cubic yard: 


Coping steps and ring 6.50 


Box culvert rubble masonry......... 
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Box culvert rubble dry............ 
Covering stone for box 5.25 
Earth excavation above water.......... 0.35 
Loose rock excavation above water. 0.50 
Solid rock excavation above 1.00 


All excavation below water cost plus 10% for 
use tools and supervision. 

Overhaul all stone more than one mile from 
the sité the work, cents per cubic yard 
additional above prices for each mile after 
the first mile. 


The Railway Company furnished the cement, cars, and the 
contractor furnished the sand, but the company paid the actual cost 
for hauling the sand and cement from the cars the site the work. 
The Railway Company furnished transportation for men, teams, tools 
and material and from the work. 

The excavations for the foundations were commenced during the 
first week May, and the last masonry was finished October, all 
sand being teamed from miles, cost varying from $1.40 
$3.25 per cubic yard. 

The cement used was manufactured the Iola Portland Cement 
Company, Iola, Kansas, and showed the following tensile strengths, 
from tests the factory: 


Cement (20% 


204-228 per square inch. 


206-230 lbs. per square inch. 


Owing continuous wet weather and high water the creeks, 
was found almost impossible separate wet and dry excavation, 
that the entire foundation work was done the contractor force 
account,” under the close supervision the writer and two time- 
keepers, each detailed certain jobs. 


q 
4 
bi 


TABLE No. 1.—Cosr Cost CEMENT AND SAND. 

Station Station Station ft.arch Sta-| Station Station Stati 

See Fig. See Fig. See Fig. See Fig. See Fig. See Fig. 


Nature Soapstone. Soapstone. rock.| Solid rock. Quicksand. Solid rock. Solid rock. 
22.8 ft. 50.03 ft. 28.67 ft. 31.41 ft. 22.64 ft. ft. 49.11 ft. 

Coping, steps and rings........... 27.2 76.80) 79.95! 9.4 7.8 


Force account. 
flood May washed out all excavation, costing $163 clean foundations. 
cents per cubic yard. 
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TABLE No. 2.—Cost Box Cost CEMENT AND SAND. 


ten 


Station 2397. 


Station 


Excavating foundations............... 
Rubble masonry cement............ 
Excavating and changing 
Excavating 


24.5 ft. 41.06 ft. 


cubic 
Amounts. 
Quantities, 

cubic 


$150.27 


Amounts. 


$214.70 


Cost per linear foot box...... 


6-ft. rubble 
box Station 
2622 

(See Fig. 7.) 


Station 2638 71. 
(See Fig. 8.) 


Soapstone. 


Clay. 
69.57 ft. 


28.1 ft. 


ouble 3x3-ft. dry 
box Station 
2710 08. 


(See Fig. 9.) 


Clay. 
22.0 ft. 


Quantities, 
cubic 
yards. 

Amounts. 

Quantities, 
cubic 
yards. 

Amounts. 


$107.14 

79.5 252.42 
4.7 14.80 
49.2 
16.1 


29.70 


$395.26 
14.07 


cubic 


Quantities, 
yards. 


Amounts. 


Force account, 


wall, 
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The cost this excavation varied much, account the 
different causes, pumping and floods, that was extremely difficult 
get the exact cost per cubic yard. 

average five different jobs, including pumping, was cents 
per cubic yard. 

The costs the masonry, given Tables Nos. and are for the 
excavation for the foundations, the excavation required for the channel 
changes, and the contract price per cubic yard for the masonry con- 
tained each arch box culvert, account being taken the sand 
and cement used. 

The cost the cement and sand varied with the length the haul 
from the river nearest unloading point, the sand costing from $1.40 
$3.25 per cubic yard, delivered, the larger amount being for sand 
used work miles from the river. The average cost hauling the 
cement, for six different jobs, was $0.40 per barrel, the average load 
being sacks, barrels. This high average was due the wet 
weather and, consequently, the bad condition the roads. 

Most the arches were founded solid rock, soapstone other 
hard material; but one, viz., the 10-ft. arch Station 2425 40, was 
built quicksand. making the foundation excavation for this 
arch the men sank their knees. The bottom being too soft for the 
regular foundation plan, the writer obtained authority from Mr. 
Stephens build the masonry concrete base grillage old 
piling, drift-bolted together, form solid floor. 

This base ft. long, ft. wide and ft. thick, weighing 
approximately 250 tons. settled about 0.4 ft. before the masonry 
was commenced. There has been further movement that could 
determined. 

The stone for the concrete was broken hand into pieces small 
enough pass through 3-in. ring, the breaking being done the 
site the work. The stone for the concrete was entirely free from 
dirt. 

The sheeting and ring stones were the dimensions shown the 
drawings, and were laid with joints. 

The joints were made the radial lines, and the faces the sheet- 
ing stones were hammered close fit the lagging. 
joints closer than ins. were allowed, and each stone was the full 
depth the arch. The entire ring was pointed after the centers had 
been removed. 
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The cement hardened rapidly, that was not necessary leave 
the centers very long after the ring had been turned. Centers were 
never removed, however, less number days after the masonry 
was completed than the number equaling the diameter the arch 
feet. 


12 x 4-FT. ARCH 
AT STATION 2920+21 
Scale 


Se Length of 
Barrel | 
22,79 


Track Center 


Sub-Grade El. 1109.47 10 x 61%-FT. ARCH Sub-Grade 
STATION 2958+06 
Scale » 


Track Center 


STATION 
Scale 


2 4 6 8 10 Feet 


Track Center 


Concrete 


Gravel and Boulders 


almost every case the creek channels crossed the right way 
angle; therefore, channel changes were made admit and discharge 


the water freely. great deal the material from the excavation 
thus made was utilized building the embankments. 


1 Sub-Grade 
i 
Sub-Grade El. 
= ngth of Barrel 28.67: 
ee Concrete > 
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STATION 


Scale 
Sub-Grade El, 1093.30 § 246 8 10 Feet € Sub-Grade 


2 
a 


Length of Barrel 
31,41 


| 


ARCH 
AT STATION 2425+40 


Scale 
To Feet 
El, 980.84 Sub-Grade 


Track Center 


Timber Grill Work; 


STATION 2575+80 
Sub-Grade Scale Sub-Grade 


Track Center 


Length of Barrel 49.62 


Rubble 


Solid Bed-Rock 


i 
=: 310 tl 
Rock 
A. Length of Barrel 
| 26. | 
£lev. Floor 
Upper 983.5 ‘ 
Lower 982.5 FIG. 6. : 
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6-FT. BOX 
STATION 


Scale 
Sub-Grade El, 1025.5 0 2 4 6 Feet ’ 8ub-Grade 


~ 


--—- 


Track Center 


1 


Sunk Wall 


PLAN HEAD WALLS 


2 x 2-FT. BOX 
STATION 2638+71 


Scale 
0 2 4 Feet 


DOUBLE 3-FT. BOX 
STATION 


Scale 


‘Track Center. 


PLAN HEAD WALLS 


' 
Rubble 
Sunk Wall Clay 
: 
o's” 
Sunk Wall te Sunk|Wall | Wall) 
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All the masonry was laid out grade. The writer believes 
setting boxes grade not less than per cent. The largest arch 
built was set grade 1.25 per cent. 

The scale wages paid follows: 


Mason foreman................ cents per hour. 


The work was done 10-hour-day basis. 

Newkirk located high table land underlaid with limestone, 
and the water obtained from wells too hard for boiler use and too 
small quantity supply steam pumping plant. these 
reasons the Chief Engineer decided build reservoir for engine 
water, place miles from town, raising the grade line the 
embankment form dam, thus impounding ravine about 
000 000 galls. water. The drainage area this reservoir 2.45 
sq. miles, and the project made necessary excavate new chan- 
nel for Wolf Creek, 800 ft. long, and parallel the railway embank- 
ment. This creek has discharge about cu. ft. per second for 
about six months the year. 

The location the high-water line made necessary buy out- 
right two farms and portion third, well change the County 
road. The Railway Company made cu. yds. embankment 
and built new 56-ft. pile trestle raise the wagon road ft. above 
the crest the spillway. 

building the embankment for the dam the sod was first stripped 
from:the base and laid close the slope stakes the back. core- 
trench ft. wide and from ft. deep was then dug, reach 
the hard, impervious clay. 

The embankment was put steam-grader outfit, with which 
wheeler outfit worked, borrowing yellow clay for the core the 
center. This clay core was solidified being trampled men and 
horses and rolled continually the wheels the scrapers and 
wagons, and was carried the water level. The dam 
the back. contains, approximately, 000 cu. yds. earth. 
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The rip-rap was composed limestone, hauled the construction 
train from rock-cut miles away. was ins. thick, and was 
placed the face hand. 

The dam perfectly water-tight, there being seepage either 
through along the base. 

The length the spillway 120 ft., the depth water the 
crest being never exceed ft. The length the 
100 ft., and the water discharged into channel ft. wide the 
bottom and having slopes the floor being curved keep the 
main current the center line. 

The construction was commenced December, and the concreting 
January. The curved sides and floor were excavated the hard 
red clay which the spillway located, the work being done 
depth ins. below the grade stakes set for the top the pavement. 
Ogee curve-forms were set for the crest wall, trouble being caused 
their moving during the progress the work. 

The concrete was made the proportion part Portland 
cement, parts sand, and parts crushed stone, the sand and 
cement being first shoveled together dry. Some difficulty was caused 
the sand being partly frozen, which made necessary heat 
about one-third the quantity used. The cost cement, the 
factory, was about $1.30 per barrel, and 576 bbls. were used. 

The the spillway was: 


Excavation, cu. yds.—Force account.... 248.33 


Royalty stone quarried........... 15.00 


Lumber for forms and sheeting...... 118.60 
Blasting powder and fuse for quarry- 

Grading and filling around walls.. 58.98 


431.45 


Total cost excavating, grading and con- 
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this should added the cost the cement, say $750.00, thus 
making the total cost the work 429.78. 

Credit isdue the contractor, Mr. Lewis, Emporia, Kans., 
and Mr. Lewis, his general foreman, for the successful handling 
the work and the faithful way which the specifications were 
followed. 

The writer also wishes acknowledge his thanks his Assistant 
Engineer, Mr. Hancock, Jr., for his accurate instrument work 
and his unremitting attention details. 
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Although the investigation has only begun, the writer believes that 
the importance the subject makes advisable state the results 
experiments (as far obtained), made under his direction, deter- 
mine the behavior certain Portland cement mixtures when subjected 
repeated loads less intensity than would produce failure when 
once applied. Certain observed peculiarities tests concretes led 
the conclusion that brittle engineering materials (such stone, 
brick, mortars, concretes, etc.), which cement mixtures are fair 
type, possess the property progressive failure gradual frac- 
ture” which finally becomes complete under the repetition load 
well within the ultimate strength the material. The analogy the 
similar property steel, proved Bauschinger and Wohler about 
forty years ago, evident. 

The probability this fact was indicated the writer last Decem- 
ber, when some peculiar results investigation made concretes 
Washington University could only explained, apparently, the 
hypothesis already mentioned. The time which has since elapsed has 
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been too short for the extended investigation necessary develop 
details, but results thus far obtained indicate plainly that this charac- 
teristic true. 

The experiments made were compressive tests upon neat Portland 
cement blocks (approximately 2-in. cubes), using standard American 
brand, and crushed when four weeks old. The tests were made 
Mr. Hans Schantl, the civil engineering department, expert ex- 
perimenter. The ultimate strength was determined the usual way, 
and similar blocks were subjected certain percentages the ultimate 
strength, varying from 55% the same, the load each case 
being applied and removed repeatedly until failure occurred. all, 
ninety-two blocks were tested, and the average results are indicated 
graphically the accompanying diagram, Fig. 


a 3 
1000 3000 5000 


Number Repetitions, producing failure. 


general, the figure indicates that failure occurs under repeated 
loadings much less intensity than that necessary cause failure 
when once applied (the latter being the test always relied upon 
judge the strength such material), and that the number repe- 
titions necessary cause rupture greater for the smaller loads, 
would expected. This curve should considered characteristic, 
and not precise; does not indicate necessarily the exact relation be- 
tween the number repetitions and the corresponding intensity 
load, but rather typifies the general law ‘‘fatigue” outlined 
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above. should also said that while time has not yet permitted 
similar systematic tests concrete, yet eighteen repetition tests 
7-in. cubes indicate their behavior that the same general law 
gradual failure applies equally 

hoped that this investigation may extended rapidly 
circumstances will allow. determining the proper factor 
safety use, for concretes under various conditions design, such 
facts would especially pertinent. Concretes vary widely 
character and quality materials, proportions ingredients, and 
characteristics depending upon age, conditions loading, whether 
not reinforcing metal introduced, etc., that much time and labor 
will necessary establish the law fatigue” under the various 
conditions existing. Especial care also necessary because the 
difficulties inherent securing definite results with cement products. 

number research laboratories should become interested 
developing the actually existing laws and relations indicated, the 
securing the useful results will expedited. 

certain portion this research has been undertaken Wash- 
ington University, and the writer has planned series experiments 
which will continue throughout the year its testing laboratory. 
the intention make public the results, definite facts and the 


principles behavior these materials under repeated loads are 
developed. 
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MOMENTS INERTIA. 


Discussion.* 


Am. Soc. E.—The speaker has read 
this paper with much interest, and regards valuable contribu- 
tion the theory beams. The general method determining de- 
flections beams. with variable moments inertia has long been 
known, but this appears the first deduction which includes the 
shearing resistance the web, well the tensile and compressive 
resistances the flanges. The formulas, although apparently lengthy, 
are not difficult application, and now possible make precise 
computations the deflection the ends plate-girder drawbridge 
with variable cross-sections. 

The early investigators regarded the influence the shearing 
stresses the deflection too small considered. For long 
beam constant cross-section this often the case, but when the 
beam short the influence shearing may very marked. plate- 
girder case where the shearing effects should not neglected, 
and appears that the influence variable cross-section produces 
changes the reactions and bending moments which are unexpected. 
may noted, moreover, that the influence shear seems increase 
with investigation; every extended analysis seeming make slightly 
greater than before. 

The work the flanges due shearing but small part that 


Continued from May, Proceedings. See March, Proceedings for paper 
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the web, the author’s investigation fully shows, and hence may 
properly neglected. The author’s treatment the work the 
web, regarding the shear increase toward the neutral axis, the 
right direction, but after this was done not clear why the co- 
efficient, was not retained the page 278.* Neg- 
lect the shear the flanges does not appear balanced 
neglect the actual distribution the shear the web. The 
effect these assumptions the deflection not great, but the effect 
the reactions and bending moments the cases considered may 
perhaps considerable one. The author’s very excellent investiga- 
tion cannot, therefore, regarded final regard 
the shearing stresses. 

reference this may observed that the common theory 
beams, which the stresses are represented horizontal tensions 
and compressions and vertical shears, approximation only. 
any point the beam there really act tensile and compressive 
stresses right angles each other, but these are not horizontal, ex- 
cept the upper and lower surfaces, while the shearing stresses are 
not vertical, but oblique. The actual condition hence one great 
complexity, and may considered surprising that the common 
theory gives results for common cases closely agreeing with prac- 
tice. extreme cases, however, the theory must supplemented 
meet the unusual conditions. The paper, therefore, treats, not only 
with practical engineering problem, but with important scientific 
question. 


Assoc. Am. Soc. (by letter).—The 
writer glad see that Mr. Hudson urging reform the compu- 
tation girders with variable moments inertia. 

What wanted mainly, not new formulas, but simpler methods 
applying those already existence for, the writer’s experience, 
requires only small amount mental confusion discourage the 
ordinary bridge computer. This not fault intellect, but due 
the fact that computation task, and not with him, 
and obliged crowd great deal into day’s work, under cir- 
cumstances which practically prohibit studying out abstruse problems. 

The writer was also much gratified find that Mr. Hudson’s for- 
mula, originally due Professor Fraenkel, agrees with that the 
writer, published 1891. The agreement not mere general agree- 
but precise and exact identity, any and every particular 
when concentrated loads and vertical deflections only are considered. 


The fact this identity can demonstrated analytically, develop- 
ing the integral for the cases given; but the question 


only theoretical importance, and hardly interesting enough print 
the Transactions. 


Proceedings, Am. Soc. E., for March, 1903. 
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The formula which the writer calls his merely the old three- 
theorem applied girders with variable moments inertia, 
and originally due Professor Weyrauch his ‘‘Continuirlichen 
und Einfachen The writer indebted Malverd Howe, 
Am. Soc. E., for his knowledge the subject, given Mr. 
Howe’s Continuous This formula* rearrangement and 
simplification these others that preceded it, and, course, gives, 
absolutely and rigorously, identical results. The integrals for uni- 
form load were not developed. 

The problem simplification, for the hurried and busy computer, 
has about reached its limit, far analysis concerned. All that 
remains case, with all its numerical details, and show 
that Greek letters and signs summation are not nearly compli- 
cated they appear be. 

will shown that not only the formula complete, 
method but also, that every single detail the process 
can checked graphical method, and this not possible any 
other formula. 

The girder selected the one detailed Mr. ins. 
deep and 156 ft. long. will supposed rest two supports, 
and the deflection point ft. from the left end wanted. Now, 
may considered girder continuous over three supports, pro- 
vided assumed that the support the deflection point has sunk, 
that the girder just touches, and the reaction zero. 

Then first span ft.; 

and are the horizontal co-ordinates two points, 
respectively, this girder, between which the moment 
inertia constant; 

the moment inertia between these points; 

the moment the deflection point, and positive 
when there tension the upper flange; 

the modulus elasticity 000 000 per square 


foot. 
A & = 
A v—1 
4 = v v—1 
v 


*Journal the Franklin Institute, January, 1891. 
+Proceedings, Am. Soc. E., for March, 1908, 274. 
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the sign summation. 
Take the sum the above from end end the rth span; then 


000 Ibs. 

the distance weight the span from its left support. 


1 


As Ae 
the deflection, positive downward. 

The following definitions relate only the graphical method, but 
necessary give some idea them here, order explain the 
necessity for change the arrangements the moments inertia. 

and are purely arbitrary quantities used only the graph- 
ical 

ft. (four dimensions). Its use eliminate and obtain 
linear quantities. Hence 180 

may seem somewhat queer say that the unit force also 
the unit length, viz., 1ft.; but this what must done here, since 

Jis the pole distance polygon for forces described 
below. here taken ft. 

the width right parallelogram, the length which the 
length the span, and here assumed This parallelo- 
gram divided into two main triangles one its diagonals. Each 
these triangles divided vertical lines, the points where the 
moments inertia change values, into smaller subdivisions, viz., 
end triangle and one more trapezoids. The areas these smaller 
subdivisions divided their respective 
moment inertia, are reduced linear quantities and are considered 
vertical forces acting through the center gravity the areas 
from which they are derived. The moments these forces, with 
respect the supports, are proportional either y,, accord- 
ing which support, which half the parallelogram, taken. 
The moments the forces, and therefore y,, and r,, are found 
constructing equilibrium polygon and prolonging the bounding 


lines the verticals through the supports, the same any ordinary 
equilibrium polygon. 
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will plain from this that obtain G,, and the end sides 
this equilibrium polygon are prolonged the verticals through 
the supports. Now, the arrangement given Mr. Hudson 
examined, will found that part the girder, the moment in- 
ertia which 24.96, has only ft. the first span and ft. the 
second span. The sides the equilibrium polygons the right end 
the first span and the left end the second span would there- 
fore entirely too short prolong the verticals through the sup- 
ports. the first span, therefore, two parts are consolidated, and 
the second span have the 24.96 section, the left, ft. long; 
then the 29.08 section, ft. long; then another 24.96 section, ft. 
long. order make the drawing clear and distinct all these were 
consolidated into section the moment inertia which 


9 


the moment inertia used 


would not necessary these extremes either span; but 
drawing, which the subject illustrated and explained, every- 
thing should clear and distinct. 

The error due these assumptions has been duly calculated, 
the tabular method explained below, and only about per 
cent. 


The theorem three moments* assumes the following form for 
this case 


Moments causing tension the upper flange are considered posi- 
tive, and deflections positive downward. 
Since this girder reality only girder with reaction 


zero the middle support, can once compute thus: The 
reaction left end the girder 


measured foot-pounds. 


will now proceed calculate and from the following 
table: 


First Span. 


Journal the Franklin Institute, January, 1891. 
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681.4448 Mr. Linden- 
E Gy => T4700 700 = 1.1348; berger. 


OR: 
39.3996; 
493.9024. 
0.8546 —0.3716 0.4830. 
Hence, 


The next the calculation and which done from 
the following table: 


SPAN. 
r 
2...) 49 20.96 1.4313 2.1099 97 3282 110.2211 5 285.7824 5 580.7467 


403.0113 


403.0113 918.0269 


that part the girder between ft., and ft., thus: 


20.96 
0.6786 0.2863 0.2964 0.0299 0.6984; 
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Substituting all values the three-moment theorem, previously 
mentioned, applied this problem, get 

0.0436 ft. 0.5232 in. 

the girder, designed Mr. Hudson, the deflection would 
0.04359 ft. 

The reader who examines the original article, the Journal the 
Franklin Institute, will find some changes introduced which the 
writer believes will facilitate calculation. particular, instead 
whichis rather confusing,* the writer has substituted here, 
which represents the same idea, and has changed the formula that 
double work done first multiplying and then dividing 
ete. 

While the above completes the tabular method, there are some 
data which are useful checking the graphical method; or, per 
contra, checking the tabular method from the graphical. The 
figures the tabulation may checked from the graphical method, 
will shown later. 

From the table for the get: 


Also, from the table for the second span 


The following explanation the graphical method. Fig. 
represents the method calculating B,. Fig. 13, 
and are computed. The upper part, each, shows the girder, 
its moments inertia, and its load. Below this the triangle, half 
the parallelogram previously mentioned. are calculate the 
required quantities from the areas the subdivisions this triangle. 
Underneath the triangle the equilibrium polygon, and the left 
the force polygon, the pole distance which ft.), both 
which have also been described previously general way. 
should noted that Fig. the toe the triangle the left 
side, while Fig. the reverse. 

the number any section, either Fig. Fig. 13, then 
the formula for the ordinate, 


E, C, = 


and 180 


See Howe’s Continuous Girder for subscript copied. 
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will commence with these Fig. 12: 


and respectively, are the middle points and 
From each these points draw horizontal line. The sloping line, 
the vertical through similar manner, the sloping line, 
intersects the horizontal line drawn through and the 
vertical through 

through the centers gravity the respective areas which they 
belong. Thus acts through the center gravity the triangle, 
acts through the center gravity the trapezoid, 
These forces are directly proportional the areas 
which they belong, divided the respective girder’s moment iner- 
tia. matter prime importance that the exact center gravity 
these trapezoids computed accurately when they are relatively 
large, like this one. old method doing this graphically here 
described, not because engineers may not know it, but because most 
people easily forget these things when they are out their line. 
bisects the sides, and CD. produced, lay off 

and 1—2 and assume pole the perpendicular distance 
which from the force line here assumed ft. From this the 
equilibrium polygon, 1'— constructed the usual manner. 
Prolong the end sides intersect the verticals through the supports 


correct, should measure 68.088 ft., and should also 37.284 ft. 
course, such accuracy not possible. The figures these draw- 
ings, however, are invariably carried out several places decimals, 
far beyond the ability the draftsman, even using microscope, 
for thereby the subject illustrated more accurately. 

The next the calculation B,. The vertical through the load, 
intersects the closing line the equilibrium polygon and 
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Mr. Linden- points are the bounding lines the equilibrium polygon. Draw 


produce both ways the verticals through the supports 
bandd. intersects the vertical through 


Then 


Attention now called Fig. 13, representing the second span, 
and from which are calculate L,, and The formula for 
computing C,, applies, heretofore given, and 
therefore deduce (omitting 


= 180 13.38 ft. 


V2, ete., are computed graphically the same manner 
Fig. 12, and they are used for similar purposes. That is, when 
necessary, B,, and incidentally L,, are computed from these the 
same way Fig. 12. 

The lines that are used forces here, however, are not these, but 

The manner computing any these will explained from one 
example. Suppose the point, found. Produce the sloping 
line, C,, through until intersects the bottom line the paral- 
lelogram vertical through intersects this bottom line 
The lines, are found the same manner. 

These lines, are considered forces, and are 
directly proportional the areas which they 
belong divided the respective girder’s 
inertia. These subdivisional areas are con- 
the triangle, This different ar- 


rangement from that for etc., the 


subdivisions for these are taken from the other 

half the parallelogram. The lines, 

etc., are considered acting through the center 

gravity the areas which they belong, and 

are laid off the force polygon: 0-1; 


constructed the usual manner. Prolong 


4 
3 
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the end sides this equilibrium polygon the verticals through the 
supports, intersecting them and 


Then 


The next the calculation vertical through the load, 
intersects the closing line the equilibrium and 

vertical through Both these points are the sides the equi- 
librium polygon. 

Draw and produce and the verticals through the sup- 
ports. intersects the vertical through Then 

4 Lyf 

The graphical computation now complete, provided mistake 
has been made. the drawing and the tabular calculation disagree, 
well check one against the other. 

Commence with the first span 


43.458 ft. 


Hence, 


Now refer Fig. 13. 


« 
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From the above, considerable checking could done, but the 
best method check the tables directly, thus: 


180 


Again, 
F, = 11.8436 ft. Ix EX 7396 x 4 € 2 ft. 


can easily checked from the values Fig. 12. 
Fig. 13, however, different plan will have adopted. Let 
called and let the distance the center gravity the 
subdivisional area from the left support, then 


Then 


11.8436 <x 86.2059 — 3 EX 7 396 x Ae 2 
There another method calculating G,, L,, which must 
mentioned. 
the lines that are taken forces are considered such, then 
there must reactions the supports due these forces. There- 


The reaction the right support 29.1803 ft. Fig. 13, 
1 


fore, Fig. 12, the reaction the left support 15.9786 ft. 
1 


the reaction the left support 25.325 ft. That the 


length ft. These reactions are found the usual manner 
drawing line from the pole parallel the closing line the equi- 
librium polygon. 


other support 15.193 ft. The unit force the unit 


Mr. 
A,_1 = Ei, 4 
illustrate this, and check the table, let Fig. 13; then 
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The reader may notice the ill-conditioned triangles about the Mr. Linden- 


parallelogram. These were caused too large value but the 
latter could not diminished without increasing the vertical dimen- 
sions the drawing. The proper value when C,, 
etc., have such values that C,, slope about average 
smallest length line that inserted the force polygon. 


determined the intercepts the verticals. 

little practice will enable one assume proper values. 

When and the girder symmetrical with reference its 
loads these two different spans are equal distances from the 
center, then, for these, B,. This very common case, and 
one which only half the girder need calculated. 

the experience everyone that illustration giving numeri- 
cal results will more clear difficulties than any amount 
analytical formulas. This work, therefore, should have been done 
long ago, but was not, for several very good reasons. The writer 


thinks that the most important practical difficulties that would con- 


fuse computer have been pretty thoroughly explained. 


Hupson, Am. Soc. (by letter).—It was not the 
writer’s intention consider the deformations due the auxiliary 
load unity, his derivation 


This expression obtained making the internal work, 


equal the external work (2) 


The consideration the increased deformations the fibers, due 
the load unity, would increase the work the internal stresses 
exactly the same amount that the consideration the increased 
due the load unity would increase the work the 
external force. 

This statement appears axiomatic and therefore needs proof. 

overcome any seeming obscurity, the foregoing statement 
proved the writer, follows: 

Let the the point application the force 

change length any fiber due the force 


was shown for the given loading. 


berger. 
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The total change length any fiber now 


and the internal work the beam, 
The total deflection desired, now and the external work 
Making Equation (10) Equation (20), have 


That the deflection any point simple beam either con- 
stant moment inertia can more easily determined 


seen. The work the solution, general terms, com- 
paratively simple problems means the second the foregoing 
being very laborious, not impossible. 

The writer sorry that the time his disposal did not permit 
his making determination the amount work done the shear- 
ing stresses the vertical legs the flange angles and the large 
vertical side-flange plates the girder Case II. feels sure that, 
for this case, neglecting this work least balances the omission 
the coefficient For the girder Case would have been more 
accurate have used this coefficient, and the formula for its investi- 
gation would therefore more nearly 
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PROGRESS REPORT SPECIAL COMMITTEE 
UNIFORM TESTS CEMENT. 


Discussion.* 


Committee has very properly confined itself the consideration 
the tests which most readily determine whether the quality the 
cement suitable for use general construction. There are certain 
other tests, chiefly those compression, flexion, adhesion, porosity 
and permeability, which are often made investigate special qualities 
cement mortar, for scientific research. Uniformity such 
tests permits comparisons results obtained different experi- 
menters. 

The Report the ‘‘Commission des Methodes d’Essai des 
Matériaux Construction,” 1893, while agreeing closely funda- 
mental points with the methods adopted our Committee, covers 
larger field, and specifies standards for all kinds tests. The Sub- 
Committee which performed the direct labors the investigation 
leading the general report was composed MM. Durand-Claye, 
Alexandre, Candlot, Debray, Feret, Chatelier, Ribaucour, Simeon, 
and Viallet, each one these men being called upon investigate 
certain lines. Since these names rank high connection with the 
subject under consideration, and their conclusions the more 
common tests are such accord with those our Committee, 


This discussion (of the Report the Special Committee Uniform Tests Ce- 
ment, printed Proceedings for January, 1903), printed Proceedings order that 
the views expressed may brought before all members for further discussion. 


this subject received prior September 25th, will pub- 
lished subsequently. 
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Mr. Thompson. would appear that might avail ourselves their 


tions, with slight modifications adapt the measurements our 
standards. 

Compressive special report the French Commission 
compression tests was made Simeon. 

The Commission reached the conclusion that the briquettes which 
had been broken halves tension should used for the com- 
pressive tests. The two halves each briquette are crushed separately, 
and the sum the two results divided the total area the briquette, 
thus obtaining the compressive strength per unit surface. The 
surface area the United States standard briquette recommended 
our Committee almost exactly ins. Instead the halves 
briquette, single cylinder having the same thickness and the same 
area surface whole briquette may used with substantially 
equivalent results. 

Specimens which are rough uneven may smoothed gentle 
rubbing with the hand stationary grindstone. 

breaking, the pressure should increase uniformly, and such 
speed that will require between one and two minutes crush each 
specimen. 

For comparing the strength cement paste mortar with that 
other materials which cannot readily moulded cement moulds, 
the Commission recommends cubes having area sq. cm. (7.75 
sq. ins.) each face. For United States standard, cubes ins. 
edge, that is, with all faces having area ins., conform 
most common usage, and are therefore best for this class com- 
parative tests. 

Bending Strength.—The report bending was made the Com- 
mission Durand-Claye. 

The Commission adopted for this test square prisms cm. (4.72 
ins.) long (0.79 in.) side. breaking, prism placed 
its side—that is, face which has been contact with the 
mould —upon two knife-edges, cm. (3.94 ins.) apart, and the load 
applied the center through slightly rounded knife-edge. The 
load should applied continuously the rate kgr. (2.2 lbs.) per 
second. The same number specimens should broken tensile 
tests, and the results averaged. 

Durand-Claye uses, for obtaining the fiber stress, the common 
formula: 


where represents the breaking load, the distance between supports, 
and the section the specimen. 
For the section cm. square, this equation becomes 
(in kilograms per square centimeter) 1.875 (in kilo- 
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English measure will naturally change the dimensions the Mr. Thompson. 


Using the above formula for this section 


(in pounds per square inch) (in pounds)........ (3) 


Adhesive Strength.—The report tests adhesion was made 
Candlot. 

Adhesion considered two ways: First, with reference the 
relative adhesive qualities different cements; and, second, with refer- 
ence the adhesion the same cement mortar other materials 
different natures. The same general method advocated both 
cases. 

Briquettes are formed described below, shape which can 
broken ordinary tensile testing machine. The European tensile 
briquette small section, sq. em. (0.775 sq. in.), and incon- 
venient shape for moulding halves. The area the breaking sec- 
tion therefore doubled the Commission, while the curves where 
the clips take hold remain the same, that the distance between the 
two points each clip unchanged. The shape the United States 
standard briquette such that fewer changes have made its 
outline, and the regular section sq. in. need not altered. 

The Commission found that adhesion briquettes could not 
moulded satisfactorily the manner used for tension briquettes. 


They advised finally which briquette could made, 
and then when this had 


set, mould could 
used for completing 
the other half. Fig. 
shown the style 
mould selected, but with 
the dimensions changed 
adapt the briquette MOULD FOR ADHESION BLOCK 
the United States stand- 
ard form consists bottomless box, which divides vertically 
the center the line, BB, that the half briquette can removed 
readily. The bottom formed movable bronze plate, shown 
For the first class tests, determine the relative adhesion 
different cements, normal adhesion block formed mortar com- 
posed, weight, part highest quality Portland cement, which 
has passed No. sieve, and parts fine sand, gauged with 
and after remaining moist air for hours the half briquette 
placed water until required. must set for least days. 
When required for use the block dried, and the surface polished 
with emery paper. The block then placed table with the large 
end down, the half mould, with the removed, set top 


| 
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and filled with plastic mortar consisting the cement which 
desired test mixed with sand the required proportions, thus 
completing the briquette. This briquette treated and tested 
ordinary tension specimen. 

For the second class tests, the material can moulded, 
formed half briquette, and the specimen completed with the 
mortar tested. solid, plate the material, several milli- 
meters thick, having one smooth face, prepared, and placed the 
bottom the mould, top the bronze plate, and the first half 
the specimen formed filling the mould with neat cement. After 
setting, the half the briquette completed with the mortar which 

Porosity report the Commission methods 
measuring the porosity mortars was made MM. Alexandre, 
Debray, and Chatelier. The recommendations the Com- 
mission are almost identical with this report. 

The porosity mortar expressed the ratio percentage 
voids the total volume. measuring the voids all water the 
mortar included except that crystallization. 


=total apparent volume mortar; 
=volume solid portion mortar; 
volume voids mortar; 
then 


The size specimen recommended that having volume 
between 0.3 and 0.5 liter (18 cu. ins.). 

The solid volume, found the application the principle 
Archimedes, that the difference between the weight body air 
and its weight when suspended liquid equal the weight the 
liquid displaced. From the weight the displaced liquid, its volume, 
which manifestly the volume, the mortar, can calculated 
readily. 

English measure, 

specimen after drying; 
=weight suspended water after saturation; 


=volume solid portion mortar; 
then 


order that the specimen may thoroughly impregnated with 
water and all air driven from the pores when determining its weight 
water, the specimen first exposed for hour rarefied air 


pressure not greater than mm. mercury. Water made cover 


& 


i 
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it, and then the atmospheric pressure restored. must now Mr. Thompson. 
remain the water hours before being weighed. apparatus for 

rarefying the air not hand, and the specimen will stand 

exposure heat, alternate method may used. The specimen, 

after hours water, placed cold water, raised boiling, and 

boiled for hours, then allowed cool for hours. The weight, 

used this determination, taken after exposing heat 

between and 60° Cent., until there loss weight, care being 

taken prevent any access carbonic acid gas from the heating 

apparatus. 

The apparent volume, the specimen, can found direct 
measurement, calculation from its loss weight water, using 
again the principle Archimedes. preventsaturation the latter 
proceeding, can covered with thin coating grease spread 
with the fingers. The water must taken before that air. 

The standard test porosity made with 1:3 mortars normal 
plastic consistency, days old. Other proportions and ages sug- 
gested are 1:2, and 1:5, days, days, months and year. 

Permeability Commission decided use for this test 
solid cube mortar preference hollow cylinder. 

The permeability neat cement and mortars expressed the 
number liters water passed one hour through cubical block, 
sq. (7.75 sq. ins.) face, the size 


used for compressive tests. tube, 
3.5 (1.38 ins.) diameter, and cm. 
(4.33 ins.) high, sealed vertically means 


neat cement the uppermost face, care- 
fully cleaned, the block which has been 

placed its side, that is, against face which 

has been next tothemould. This shown 

Fig. For varying the pressure, rubber 

pipe attached this tube, and its upper 

end connected with reservoir. The height 
pressure, according the permeability 

Before taking the test, the block immersed water for hours, 

and remains water during the test. The periods are: 
hours, days, days, months, etc. The standard test made 
days. Tests are made three blocks, and the average taken 
the two which are most concordant. 

Logically, should suggest for the block used for 
vith testing permeability this country, the size mentioned for com- 
ight pression, that 2-in. cube. Further investigation considered 
however, before adopting either the size shape 
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Hart, Assoc. Am. E.—The speaker, who the 
staff the Bureau Forestry the work organizing the pro- 
jected investigation the strength timber, has been asked rep- 
resent the Bureau Forestry this discussion. general statement 
the character the investigation has been prepared Gifford 
Pinchot, Assoc. Am. Soc. E., Forester, which here reproduced 
published the Proceedings} for April, 1903. 

The Bureau Forestry, the United States Department Agri- 
culture, intends resume the work testing timber formerly carried 
the Division Forestry during the years 1891-1896. large 
portion the groundwork covered the proposed investigation 
interest engineers, and the desire the Bureau that the results 
obtained shall the greatest value them. this end 


The discussion this subject, for which formal paper was presented, printed 
Proceedinys order that the views expressed may brought before all members 
for discussion. (See Rules for Publication, Proceedings, Vol. 

Communications this subject received prior September 25th, will pub- 
lished subsequently. 


Proceedings, Am. Soc. E., Vol. XXIX, April, 1903, 133. 
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hoped that those engineers interested the application timber Mr. Hatt. 


construction, will, this discussion, offer suggestions and make crit- 
icisms which will aid the Bureau planning this series tests. 

the intention the Bureau take these tests thor- 
ough manner, and devote whatever time may necessary for the 
solution the problems involved. expected that the plan 
operation will sufficiently complete, and the methods tests well 
chosen, that the data obtained may accepted all experts. 

The following acccunt the proposed tests very general 
nature. Those who are particularly interested can obtain descrip- 
tion the proposed tests greater detail application the Bu- 
reau Forestry, Washington, 

The Bureau aims results practical value, such the values 
expressing the strength and stiffness the principal merchantable 
species timber this country. Not only will this done for 
timber now use, but efforts will directed ascertaining the value 
for structural purposes timbers present not largely used, as, for 
example, the Western Hemlock and the Southern Gums. thorough 
series tests will made the timbers the Pacific Slope, particu- 
larly the Red Fir, otherwise called Oregon Pine Douglas Spruce, 
which now its way increasing quantities eastern 
markets. should work done the Southern Pines 
the Division Forestry during the years 1891-1896 has been 
ciently complete, the proposed tests will not cover these timbers. 

Experimentation will directed also advance the investiga- 
tion the effects different factors the testing processes the 
results, such speed application load, method moisture 
determination, the effect moisture, and volatile oils. 

The investigation the effect technological operations, such 
methods kiln drying, methods preserving timber. will 
undertaken. 

determining the values the strength and stiffness various 
merchantable tests will made, both collected from 
the market and timber collected the forest. Full-sized sticks, 
used construction, will all cases tested under their appropri- 
ate loadings. 

Work present progress astation California, the dif- 
ferent merchantable grades these full-sized timbers, such bridge 
stringers and car sills collected the market. The locality origin 
the timbers determined, and full description each stick, 
record. Full information the physical and mechanical properties 
the sticks under test will obtained. 

investigation the effect various conditions forest 
growth the physical and mechanical properties timber will 
whenever the Bureau thoroughly prepared for this 
work. 

hoped that the discussion will take the need making 
timber tests the standpoint the engineer. Suggestions are 
invited those particular matters which present most need 
investigation. also desired that discussion shall take place con- 
cerning the methods performing the tests, particularly the 
best method determining the moisture timber; and the best 
method determining the shearing strength timber. 


hoped that full criticism the former tests, both 
methods and content, will given. 
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recognized that timber subject great number 
variables. From the botanical standpoint, the ideal method pro- 
cedure would determine the properties the wood fiber each 
species representing the normal growth straight-grained timber. 
With these standard values basis, inquiries could directed 
ascertain how much the values are affected such variables 
moisture, oil, speed test, imperfection structure due direction 
grain, knots, rate growth, diseases the tree, technological 
processes, such kiln drying preserving, forest conditions, 
region and growth. would seem that the interests all, whether 
engineers, manufacturers, botanists, would consulted such 
method procedure. The particular series tests full-sized 
sticks market timber would form part this general scheme.” 


The Bureau has sent out preliminary circular, many engineers 
and others interested the utilization timber, order deter- 
mine the need future tests and formulate plan procedure. 
After the content the investigation and general plan determined 
its general features, such correspondence and preliminary dis- 
cussion, the intention perfect the arrangement and details 
this plan, involving methods measurement and experiment, and 
submit experts for record agreement disagreement with 
the proposed methods test. The plan and methods, far 
practicable, will such character that the work may under- 
taken part, and the partial results obtained will use through- 
out the entire investigation. 

The results the preliminary canvass those interested the 
utilization timber will published The replies 
the circular make evident the fact that, far from the belief that the 
problems connected with timber are not serious because partial 
and growing replacement timber other material, there 
lively appreciation the importance continuous organized study 
methods which will economize the use timber, lengthen its life, 
and develop the supply proper forestation. The matter deter- 
mining the strength values timber only minor part the 
general need. view the variability the product, the details 
testing operations are considered many minor im- 
portance. 

Such useful lines work the following have been suggested 

The need proper determination the strength the Pacific 
Coast woods, Fir, Spruce, Hemlock, and the Eastern Spruce and 
Hemlock, which will form the future supply structural timber, 
suggested from many quarters. The determination the mechanical 
properties the various hardwoods which probably will form substi- 
tutes for the Hickory and White Oak carriage construction 
matter importance. 

The majority engineers would more satisfied with the results 
tests the timber actually supplied the market saw-mills 
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prime quality, average quality, merchantable, square-edged, Hatt. 
modified the forms and proportions sticks and vari- 
ous degrees seasoning), than tests conducted timber collected 
from the forest and sawed the order the engineer tests, 
order obtain solution the various problems which confront the 
forester and the botanist. One prominent user timber insists 
that the quotation the strength timbers should made with 
reference the sizes and lengths sticks, his experience the 
unit values used design should much smaller the sticks 
become larger. The degree which the values obtained from tests 
new material are reduced the inevitable decay which 
results from their use, another matter which has been suggested. 

The need also pointed out uniform standard rules inspec- 
tion and grading, involving the determination the value the 
reducing factors due knots, crooked grain, and sap. useful work 
suggested the presentation photographs, etc., the appear- 
ance sawed lumber different species. 

Shippers demand determination the average weight differ- 
ent species timber, different degrees seasoning, basis for 
the computation freight charges. 

All unite the expression the usefulness investigation 
the proper methods preserving timber and the most advantageous 
species used cases where the timber preserved. 
Questions the relative life treated lumber expected under 
different exposures, and the question the strength such treated 
lumber, are also matters importance many. The proper methods 
seasoning, hastening the seasoning process, both hard and 
soft woods, matter which might investigated with great profit. 

From the standpoint the forester, the effect the more im- 
portant forest conditions upon the strength timber scientific 
and practical interest. Such problems the relative strength 
swamp and highland hardwoods, first- and second-growth timbers, 
etc., suggest themselves; and demonstration the appropriate uses 
these inferior timbers, which present are left uncut the forest, 
and which improperly influence the future character the forest, 
will use the forester. 

evident that the subject timber investigation formida- 
ble problem attack. The ideal procedure would involve system- 
atic programme advance, including all the problems, that one 
part the field may covered one time and the results afterward 
may fit the general scheme. This plan, course, would involve 
testing timber found the forest, which all the conditions are 
known. And yet, while this true, the speaker agrees with those 
who believe that the most direct method getting unit strength 
values for the engineer test timbers actual sizes found 
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the market. There some waste time and duplication work 
this manner procedure, from the standpoint the complete inves- 
tigation all problems, but the usefulness the results the 
parties for whom the tests are designed, will practically much 
greater than any other method. The progress knowledge 
derived from experiment will thus take place the same manner 
the case other materials. case has the entire subject been 
cleared single investigation, however ideal that procedure 
would be. all cases care should taken determine the species 
timber under test, and ascertain the region growth. There 
difficulty determining the species, and region growth from the 
records the lumber dealer, the case large timbers. The weight, 
rate growth (as shown annual rings), and the defects, can 
made record. complete study species, from the 
botanist’s standpoint, would involve the detailed examination the 
entire tree cut the forest. 

The following discussion aims summing the recent addi- 
tions our knowledge the mechanical properties timber, and 
the consideration the directions which further experimentation 
should made, both determine mechanical properties affected 
different conditions and improve methods preserving timber 
and technological processes. The discussion does not concern itself 
with details methods test and measurement. Propositions 
regard these details will presented the American Society for 
Testing Materials, the meeting Delaware Water Gap, July Ist 
4th, 1903. Nor are dendro-chemical problems mentioned. 


ADDITIONS KNOWLEDGE. 


The strength the different species timber the United 
States, used construction, known the year 1895, very 
well summarized the Report Committee the American Inter- 
national Association Railway Superintendents Bridges and 
Buildings, presented before the Convention New Orleans, Octo- 
ber 16th, 1895. This report presents the results exhaustive 
compilation Walter Berg, Am. E., Chief Engineer 
the Lehigh Valley Railroad. values obtained different experi- 
menters are listed number tables. This report reproduced 
Bulletin No. the Division Forestry, United States Depart- 
ment Agriculture. more complete table mechanical properties 
wider range species contained the Report the Tenth 
United States Census. summary the results accomplished 
the former United States Government Timber Tests will found 
Materials Construction,” the late Johnson, Am. 
Soc. E., both moduli strength and effect various factors. 


4 
| 
; 
| 
| 


DISCUSSION TIMBER TESTS. 655 


This summary more complete than any given the interrupted Mr. Hatt. 


official publications the Division Forestry. 

Since 1895 the experiments worthy note are those White 
Pine, Red Pine, Hemlock and Spruce Professor Bovey, 
McGill University,* showing that many cases increase 
strength can counted upon due the reduction the moisture 
from green kiln-dried state, the case large beams. This 
contradiction the indications from tests small sticks due 
the checking the beam during drying, and subsequent failure under 
longitudinal shear. 

Additional information concerning the properties 
species contained Circular No. the Division Forestry, 
United States Department Agriculture, dealing with the strength 
Bald Cypress. 

William Hood, Am. Soe. E., Chief Engineer the Southern 
Pacific Railway, has made extensive series tests full-sized 
sticks the Red Fir, with view obtaining unit values for timbers 
different sizes, and the effect creosoting the strength. 
finds that both the modulus elasticity and the fiber stresses must 
diminished with increasing depth beam. Thus, for depth 
ins., the modulus elasticity 000 lbs. per square inch, the 
elastic limit 950 per square inch, and the modulus rupture 
200 lbs. per square inch; whereas, for depth beam ins., 
these values, figured from the load first indication failure, are 
074 000, 769 and 590 lbs. per square inch, respectively. Mr. 
Hood’s tests, however, the reduced values for larger sticks are due 
the effect the relatively short span bringing about failure under 
longitudinal shear. There decided indication actual diminu- 
tion fiber strength the center. However, the practical use 
beams the ratios span depth equal those used under test 
conditions, make the results reached Mr. Hood significance 
determining the ratio depth span which the beams must 
designed for longitudinal shear. finds the case 10-in. 
creosoted Red Fir beams, that the modulus elasticity, the elastic 
limit and the modulus rupture are 0.973, 0.826, and 0.606, respec- 
tively, the basis unity the value for untreated timber. The 
reduced strength mainly accounted for the presence 
checks arising from the creosoting process, and from the diminution 
the shearing strength the wood. These influences determine 
diminution the strength the large beams compared with similar 
large beams. 

Hunt, Assoc. Am. E., the University Califor- 
nia, has demonstrated the diminution shearing strength creosoted 
Red Fir timber. finds that the other quantities, elastic limit, 
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Mr. Hatt. modulus elasticity, are but little affected. These same state- 
ments apply Burnettized timber. 

valuable series tests full-sized timbers and structural details 
has been progress the Laboratory the Massachusetts Institute 
Technology, under the direction Professor Lanza, with view 

obtaining unit stresses appropriate market timbers. 

series tests Redwood and Red Fir, from sticks 
cross-section, has been made under the direction Professor Soulé, 
the University California. 

comparison the mechanical properties the Red Fir and 

has been made the Bremerton Naval Station Naval Constructor 

Frank Hibbs, showing that these two woods are about equal 
value, far the mechanical properties are concerned. 

general, may said that our present knowledge the aver- 

age mechanical properties the different species structural timber 

fairly complete, far such values may based small sticks. 
The reductions which must made case large timbers the dif- 
ferent merchantable grades, and the manner which these values are 
affected forest conditions, are largely unknown. The effect 

moisture the mechanical properties wood fiber has been well 
determined, but the proper reducing factors for the effect moisture, 

case large sticks, are not known. Nor are the moisture contents 

market timber well known. fairly well established that, 

woods uniform structure, the strength increases with specific weight. 
The relations between the mechanical properties any one species are 
only partially established. The variations the physical and mechani- 

properties with position trunk are well established the case 
the Southern Pines. 

The outline any future work should not duplicate work already 
performed reasonably satisfactory manner. Tests should con- 
fined species that give promise being the market for some 

time. Before presenting outline the series upon which investi- 

gations may profitably made, some discussion will follow the 

various factors which enter into the problem. 


TECHNOLOGICAL PROCESSES. 


Kiln Drying.—The effect hot-air drying the strength was 
investigated the former United States timber tests. was 
found that, for any temperature commonly used drying lumber, 
detrimental effect the strength would produced, aside from the 
checking action which might result from too rapid drying the exte- 
rior portion the stick. The effect very high temperatures and 
pressures used drying, the vulcanizing process, is, according 
the former Government timber tests, reduce the strength slightly. 
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The subject has not been well covered, and investigation the Mr. Hatt. 


temperature and rate drying, determine the best conditions for 
the prevention checking, together with general study the 
methods seasoning, planned. This, however, outside the realm 
mechanical tests, projected study the behavior timber 
the operations steaming and bending. 

Bleeding for Turpentine.—The effect bleeding Long-Leaf Pine for 
turpentine not detrimental the strength the timber, according 
the results the previous Government mechanical and chemical 
tests. These tests are believed conclusive, and will not again 
taken up, except determine the effect this operation the 
durability the timber. 

Fire-Proofing.—Other matters which are taken the 
proposed investigation study the effects fire retardants, 
and their efficiency for various species timber, well the effect 
these the mechanical properties, and nails and fastenings. 

Preservatives.—A study the durability the different woods 
their natural state under ordinary service conditions will useful 
giving information what species wood are suitable for given 
conditions. large field for investigation the efficiency preser- 
vatives the treatment the so-called inferior woods, such second- 
growth Loblolly Pine, Hemlock, Red Oak, Beech, Eucalyptus and the 
Gums. This most valuable study will outlined after consultation 
with those present studying the subject. desirable that 
laboratory tests devised avoid the excessive cost field tests. 


VARIATIONS QUALITY, AND IMPERFECTIONS, 


the common belief that tests small sticks not yield unit 
values applicable large sticks. supposed that the small pieces 
selected for test are unavoidably better average character thau 
large sticks; very often these small pieces are clear and straight- 
grained. Experimental evidence seems show that the results 
tests those who test large sticks are lower than the results obtained 
those who have experimented smaller sections. 

seems reasonable suppose that the modulus elasticity and 
the elastic strength identical material should not affected the 
size the specimen, provided that the ratio depth beam span 
great enough eliminate largely the effect shear. known, 
however, that two pieces wood are far from identical. spite 
this heterogeneous character timber, however, small and large 
sticks may yield equal moduli, for the reason that the effect knot 
given size more serious stick than large stick. 
And this consideration may explain the fact that, although timber 
small sizes usually more free from knots and other defects than 
timber large sizes, the comparison results tests large stick 
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with number tests small sticks cut from this same large stick 
shows that there significant difference the average unit values 
from the large and small sticks. This what the former Government 
timber tests have shown. 

What the designer wishes know, however, the most probable 
strength the different sizes timber and different grades timber 
that compelled purchase the market, as, for instance, the 
different grades car sills, stringers, and carriage material. 
the speaker that this knowledge can only reached through 
direct test the actual market timbers, the qualities which are 
determined the saw-mill. given log cut such way 
furnish the desired products the best advantage. less likely 
that logs sawed under the direction the engineer tests will 
yield results comparable with these commercial products, which rep- 
resent the combined judgment great number engineers and 


lumbermen. The relation the strength large sticks the small 


sticks cut from them does not necessarily agree, for instance, with the 
relation the quality railway stringer and car sill, both first- 
grade merchantable timber, cut from given log. 

Useful information will presented the proposed method 
photographing the sticks tested, that the effect kinds 
and the position these, upon the strength the different 
kinds test pieces may determined the individual who 
examines the reports. the publication results tests, analyses 
should presented determine some quantitative measure the 
reduction the moduli due the effects knots, shakes, and 
crooked grain. Information will also available concerning the 
liability various species these The former Government 
publications relating timber tests have been criticized because 
record was made the quality the sticks. This criticism will 
met the future the publication photographs the sticks, 
showing the grain and defects and quotation the market grade 
the stick. Tests are now under operation, and will continued, 
sticks various sizes and grades, purchased the market. 


Forest 


The the quality timber the various forest con- 
ditions, such climate, winds, rain, seasonal variations, soil, eleva- 
tion, rate growth, density stand, time cutting, position 
tree, etc., interest, and the determination the effect the more 
important these should included any extended study timber, 
the end that forest management reforestation the best results 
may obtained, that present prejudices may removed. This 
formidable investigation has scarcely been entered upon formal 
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way, although large body information existence the result Mr. Hatt. 


experience and observation. 


useful results have yet attended the attempts solve many 
these problems, European investigations, the former Gov- 
ernment Timber Tests. Many the factors seem such minor 
importance that their influence necessarily obscured the inevit- 
able differences test pieces obtained under apparently identical con- 
ditions. Italso obtain any modulus which will 
represent the mechanical properties tree grown under given con- 
ditions. Knowledge the effect forest conditions, the speaker’s 
opinion, must largely inferential, and not precise. practical 
method obtaining these relations would involve, first, determina- 
tion the mechanical qualities timber various grain and weight; 
the forester botanist can then, inspection the wood under 
examination, the forest, decide its value reference the tables 
prepared for him result previous mechanical tests. This, 
however, only the speaker’s personal view. 

One useful outcome might the determination 
the most favorable condition for the production any given species, 
the various conditions, such soil, density growth, elevation, 
climate and seasonal changes. possible, however, that this 
matter not immediate practical importance, because the 
United States, for many years come, trees must grow under condi- 
tions little changed from those the present. Useful conclusions 
can reached pointing out the relative value timber grown 
different regions the country, as, for instance, the relative strength 
Northern and Southern Hickory, first- and second-growth hard- 
woods, Coast and Mountain Red Fir, second-growth 
Loblolly. The timber found the market, with its important 
features weight and rate growth known, will serve this purpose 
general. 

The tests inferior species are great importance, because they 
will undoubtedly tend toward greater utilization the inferior woods. 
these inferior species can cut and marketed profit, would 
great help the future sylvacultural condition the forest itself. 
now, usually only the most valuable species are cut, leaving the 
inferior ones. Asa result this, the future forest composed largely 
the poorer class trees. these inferior species can largely 
cut, and small percentage the valuable species left standing, the 
chances are much better that the new growth will contain large per- 
centage the valuable woods. The Bureau has not yet planned 
formal investigation the effect forest and does not 
contemplate taking this until more pressing matters are dis- 
posed of. 


The matter supplementing the former Government timber tests 
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Mr. Hatt. tests inferior woods, order determine strength moduli, 
also important, for the reason that some these inferior woods have 
replaced the better grades, and will continue increasing 
rate account the increasing price the latter. For instance, 
architects are now using, for indoor service, 16-in., square-edged 
timbers, second-growth, Loblolly Pine, almost entirely sapwood, 
such rapid growth that four annual rings occur ins. point 
more than half way between the heart and the outside the stick. 
evident that the results tests first-growth merchantable 
Pine the best grade will not apply such material this. 

Joints and Frames.—Tests determine the strength structural 

details, such joints and frames, may left private enterprise. 


VARIATIONS TESTING PROCESS. 


Rate Loading.—At present known that the rate application 
the load exercises very important influence upon the shape the 
diagram, particularly the loads just preceding rup- 

ture. known, also, that the deflections under the ordinary quickly- 

applied load test are only one-half those resulting from the 
continued application the same load. The quantitative relations 
are not well determined, and further study imperative, and has 
been planned. 
method determining the moisture contents the 
sticks under test, and the use made such moisture determina- 
tions reducing the moduli common basis moisture, are 
matters that excite great deal discussion the part operators 
tests. series tests should made, determine the proper 
reducing factors the case large timbers, between the green 
and dried states. While the results tests small-sized specimens 
show that the strength dry timber nearly twice that green 
timber, probable that many cases such increase 
expected, account the diminution the shearing strength due 
the checking action arising during the drying-out process. in- 
vestigation will made determine the relation between the different 
methods determining moisture wood, and the disturbance 
results due the presence volatile oils the material under 
examination. present appears that the latter minor im- 
portance. 

The Bureau will, general, test material green state, and for 
this purpose will necessary some cases bring the sticks arti- 
ficially the degree moisture corresponding the green state. 
sufficient number sticks will also tested, after thorough drying 
out, determine the relation between the values the green state 
and the dry state. information, together with the knowledge 
the scientific law governing the relation between moisture and 
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strength, unaffected defects checking unequal moisture dis- Mr. Hatt. 


tribution beams, will sufficient enable the designer decide 
upon the reducing factors appropriate the conditions service 
under which the timber used. This condition service 
involves, usually, either entirely dry timber timber approximately 
green. 

all cases, however, the moisture content the timber will 
determined cutting out discs, about in. thick, from the section 
the beam near rupture, and one the quarter points, and drying 
these discs oven temperature 100° Fahr. Although this 
exposure does not determine the entire moisture disc, the percen- 
tage remaining less than the error observation, and the method 
will determine the necessary empirical reducing factors. has the 
further merit that the degree seasoning any particular timber 
can easily determined any engineer. study the merit 
kiln temperature 80° under way. This temperature avoids dis- 
turbance results due melting resin, oxidation, etc. 
tion will also procured the degree seasoning expected 
timber found the market. great deal timber sold air- 
dried the yards only dry the surface, and practically green 
the interior portions. 


SPECIES TESTED. 


The species tested for mechanical properties should include 
timber present use for which unit values for design are needed, 
and also timbers which, though available, are not present 
extended use. the former, the following species may noted: 
Western Red Fir, Hemlock, Spruce; Eastern Spruce, Hemlock and 
Fir. The western forests will form future supply grounds for the 
greater part the timber that will used construction. The 
Red Fir, otherwise called Douglas Spruce Oregon Pine, has been 
tested some extent, both the former Government tests and 
William Hood, Professor Bovey, Professor and 
Professor Frank Soulé. The Western Hemlock cut toa large extent 
and sold the market Fir. Both the Hemlock and Spruce are 
used filling orders for second-grade Red Fir. The Western Hem- 
lock very good timber for constructional purposes, and also 
used inside finishing. does not shake splinter. also pos- 
sesses immunity against the attacks insects. suffers public 
estimation from the reputation the Eastern Hemlock. grows 
very rapidly, and may counted upon reforest cut-over lands. 
has been found diameter ft. and height 250ft. Asarule, 
the mature trees are from ft. diameter, breast high. The 
Western Spruce also found trees large sizes, and shares with 
Hemlock important role future timber supplies. Considerable 
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supplies Eastern Spruce, Hemlock and Fir are yet found 
Pennsylvania and New York, and furnish constructional material 
for many purposes the Northeastern States. series tests will 
made with large-sized sticks Southern Pine, add the rather 
meager tests large-sized Southern Pine sticks, and the poorer 
grades these. 

the timbers not present use for structural purposes, there 
are large supplies Southern Red Gum which will furnish timbers 
sizes used building construction. After the better material for 
flooring, wagon stock, etc., has been sawed, the heart cull will furnish 
valuable joists. proposed, series tests, determine the 
quality these, well the properties the better parts the 
log. 

Other timbers suitable for rapid growth under extreme conditions 
wet and dry sites, Catalpa and Eucalyptus trees, which are being 
planted very largely throughout the West and Southwest, should 
studied. Australia the Eucalyptus one the most important 
sources timber supply for building ships, bridges, agricultural 
implements, etc.* The Tamarack tree suitable for growth 
wet situations, 

These studies should trees from the forest well 
market timber. 


The number tests depends the uniformity the timber 
each species and upon the end view. desired obtain the 
strength values for merchantable timber, would probably neces- 
sary test, say thirty sticks each particular size each special 
grade; thus thirty stringers first-class merchantable Red Fir would 
tested, and the same number second-grade merchantable; 
twenty select stringers and twenty clear stringers. This should 
repeated the case three four markets. 

desired study the effect forest conditions the 
strength the fiber definite part tree, the effect varia- 
tions the testing process, the timber selected should contain few 
variables possible,and the number tests would naturally 
arranged correspond with the quality timber obtainable. 
case these scientific tests, which the sizes must chosen 
eliminate, far possible, other variables than the one under 
cross-section, thereabouts. 

case tests for the purpose obtaining unit values, actual 
sizes should all cases tested, as, for instance, car-sill sizes, 
stringer sizes, roof-truss sizes, carriage stock, columns, floor beams, 
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The appropriate sizes would quite different the cases Mr. Hatt. 


Red Fir and Hickory. 


QUANTITIES AND PROPERTIES DETERMINED. 


Some all the following properties will measured, ap- 
propriate the use the species: 


Mechanical properties species. 
1.—Strength, 
2.—Stiffness, 
3.—Resilience, 
4.—Hardness, 
5.—Brittleness, 
6.—Penetration definite-sized punch, 
7.—Abrasive qualities, 
8.—Turning qualities, 
9.—Weight per cubic foot. 
Physical properties. 
1.—Shrinkage and swelling and absorptiveness, 
2.—Identification structure, 
3.— Identification appearance sawed lumber. 


The foregoing mechanical and physical properties have partly been 
determined the former timber tests. The properties brittleness 
and penetration under pressure will investigated proper tests. 
The abrasive qualities have bearing the use wood for paving 
blocks. many cases the turning qualities, under tool the lathe, 
must known. Under the. physical properties, the shrinkage im- 
portant, from the point view the manufacturer. Engineers would 
glad able determine the species sawed timber from its 
appearance the lumber yard. 

There present standard table weights lumber for use 
settling disputes between manufacturers and transportation com- 
panies, and endeavor formulate such table will made. 


The kinds tests made determining these properties cited 
will include part all the following: 
Bending.— 
Fiber stress elastic limit, 
Modulus rupture, 
Modulus elasticity, 
Modulus resilience, 
Modulus ultimate resilience, 
Maximum horizontal shearing stress. 
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Crushing.— 
End grain; strength, modulus elasticity, 
Side grain; yield point. 


Shearing.— 
Radial, transverse. 
Torsion.— 
Column 
Hardness.— 


the width scratch made prescribed tool under 
prescribed pressure, 
the width indentation prescribed steel cylinder. 
Abrasive Qualities.— 
Dorrey abrasion machine, which the wood ground 
abrasive powder. 
Turning 
piece put the lathe and the result photographed. 
Test beams, under impact tests, ins., size. 
Test, prisms, under compressional impact, ins., 
size. 
Shrinkage.— 
Specimen, about ins., with sides parallel radial 
and transverse direction. 


The details tests which are more interesting experts the 
technique testing operations, will presented for discussion before 
the American Society for Testing Materials the meeting Delaware 
Water Gap, July 4th, 1903. Some general considerations 
may mentioned here. 

Methods Making Shearing Tests.—Various methods determining 
the shearing strength have been used. The difficulty obtain 
pure shear unaccompanied splitting the test piece due bending. 
This difficulty often met case double shear under tension test. 
The test piece and method test are more simple compression than 
tension. Compression tests, apparently, can only applied prop- 
erly for the determination single shear. The latter more satis- 
factory, that the failure occurs only one surface, and the exact 
stress may determined. The shearing tests will made com- 
pression single shear. The values obtained shearing tests 
small pieces should modified the results the tests large 
beams, for which the shearing stress the neutral axis should cal- 
culated. 

Method Loading.—The measurement ‘for deflections most 
simple when the load applied the center beam. the 
other hand, larger portion the stick brought under the maxi- 
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mum stress when the load applied two points. the latter case, Mr. Hatt. 


longer beam necessary, order yield the proper ratio between 
depth and span. the speaker’s opinion, the simplest method 
apply the load the center and compute the bending moment the 
point failure. The loads are applied continuously fixed 
speed. 

Method Making Cross-Crushing Tests.—The former Government 
tests were made sticks definite section, and the results give the 
loads which caused compressions and 15%, respectively. These 
results have little significance for other sizes timber. The method 
planned will apply loads increments across the stick, and 
measure the accompanying the piece, order deter- 
mine the load the yield point the timber under this load. The 
tests will supplemented what may termed penetration tests, 
which the load required bring about the penetration punch 
given area given depth will determined. 

Method Making Impact determining the relative brittle- 
ness different timbers, the test pieces compression and bending, 
both under transverse and actual loads, will used. case com- 
pression tests, the test piece, ins., will receive blows 
increasing height, and the height blow which definite failure 
occurs will noted. The indication failure will the wrinkling 
the surface due the initiation shear. the bending test, 
the energy required rupture 36-in. stick will measured, 
and also the height blow required produce set specified 
amount. These measurements will made revolving drum 
which receives record from pencil attached tothe hammer. 
the resilience hardwoods planned. 


ORGANIZATION. 


The organization the timber tests presupposes central labora- 
tory Washington, C., directed the Bureau Forestry, and 
other testing stations such points the Pacific Coast, the Missis- 
sippi Valley hardwood centers, and the North Atlantic region. These 
testing stations will under the direction and inspection the 
central laboratory, which copies all data taken will All 
tests will made under uniform methods prescribed advance. 
each testing station there will resident engineer with proper 
assistants carry the work. The timber for tests will selected 


the engineer acting conjunction with dendrologist and 
experienced inspector. 


PUBLICATION. 


the publications, the results tests individual sticks will 
quoted, all cases, and the data presented such way that the user 
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can determine the range results from which averages are obtained. 
The data will marshalled the form tables suit the require- 
ments users. 


summarize the work planned present, may said that 
the following series are under consideration, with view prose- 
cution. 


Series I.—Tests the Mechanical and Physical Properties Timber, 
Found the Market.—Material will actual sizes and grades 
commercial products. The purpose determine moduli for design; 
determine the value woods now considered inferior; determine 
the liability knots, and the reducing factors due these; arrange 
table standard weights, and rules inspection and grading; 
partly compare the properties species from different regions. 


DETERMINE THE EFFECTS VARIATIONS THE TESTING 
PROCESS. 


Series Rate Application Load, Including Impact 
tests. 
Series Moisture. 


THE EFFECT AND EFFICIENCY TECHNOLOGICAL PROCESSES. 


Series 
Series V.—Methods Seasoning. 
Series VI.—Fire Retardants. 


For 


HERMANN WON (by letter).—With the increasing’ use 
timber, preserved one way another against decay and fire, one 
the most important problems which has arisen late deals with 
the effect which the preserving process has upon the strength the 
preserved timber. Many complaints have been made, and these seem 
indicate that, for one reason another, preserved timber has not 
the strength which thesame material had before being treated with 
preservative. This has been true, particularly, creosoted timber. 
Many engineers believe, from actual experience, that creosoted timber 
likely more brittle and less capable withstanding strains 
than the same timber before being treated with creosote. This par- 
ticularly true with bridge timbers and piling. 

has been exceedingly difficult matter determine, without 
actual test, what relationship existed between the preservative proc- 
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ess and the supposed weakening the timber. Most the tests Mr. von 


hitherto made with preserved timber have had little actual value. 
They were made, the majority cases, the following way: Sticks 
untreated timber were tested, and similar sticks treated timber 
were likewise tested, and the results were compared. many in- 
stances, these turned out favor the untreated timber. The 
reason why such tests are unfair the preservative that the 
process preservation, one deals not only with the actual process 
impregnation with preserving substance, but, also, the majority 
treating plants the United States, with preliminary processes 
steam-seasoning. very possible steam piece timber, sub- 
sequently treated with creosote, such extent that the timber 
becomes exceedingly brittle. This, obviously, will the fault the 
steaming, and not the creosote. The Bureau Forestry, the 
United States Department Agriculture, now planning compre- 
hensive series tests determine the strength timbers used under 
various conditions, and one the series tests planned deals with 
the effect preservatives the strength and durability timber- 
While not possible this time present detailed plan for such 
series tests, may not without interest the members this 
Society brief outline, presented for discussion this time, 
what the writer believes ought some the points 
taken into consideration such series tests. 

Timber preservation, stated above, may divided broadly into 
three stages: First, the preliminary preparation; second, the actual 
preservative process; and third, the treatment timber following 
preservation. each these stages the timber subjected treat- 
ment one kind another, and the final result, strength, 
influenced materially each the stages. 


PRELIMINARY PREPARATION. 


The preliminary preparation timber for preservation must take 
into account the following factors: 

The Time Which the Timber Cut.—The strength timber 
differs materially, depending upon whether cut winter, spring 
summer. Any test, the influence preservative, should 
made such way that the untieated and treated sticks are cut 
nearly possible the same season the year, eliminate 
the seasonal factor. 

Seasoning.—Before the actual preservative process, the timber 
generally seasoned one several methods. The method com- 
monly used Europe air-season it. some plants kiln-drying 
resorted to. the United States, most the timber-treating 
plants use process steam-seasoning. Careful tests should take 
into account the influence, particularly kiln- and steam-seasoning, 
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preservation. One the first series tests connection with 
timber preservation should relate the influence the following 
factors, connection with steam-seasoningin particular. test 
should made determine the influence subjecting timber the 
treating cylinder steaming for various lengths time with live 
steam. Second, similar series determine the influence 
steaming various temperatures, and this will include steaming 
under pressure. Third, similar series should determine the influence 
steaming, for various lengths time and for various temperatures, 
with superheated steam closed coils. 

The tests with steaming are considered prime importance, because 
itis believed that much the supposed weakening timber 
preservative processes due improper and excessive subjection 
timber live steam the treating cylinder. 


PRESERVATIVE PROCESSES. 


Tests the direct influence the preservative the strength 
various classes timber should conducted, far possible, 
with the exclusion such factors have been mentioned above. 
other words, testing the influence zine chloride timber, all 
timbers tested should subjected similar amount steaming, 
kiln-drying air-seasoning, that the only factor considered 
would the impregnation with the chloride. Tests determine the 
influence preservatives the timber should consider the use the 
preservative varying quantities, for entirely possible 
preservative used toa certain strength does not weaken the timber, 
while excessive use may weaken considerably. The following pre- 
servative processes should included any series tests: 

chloride. 

2d. —Creosote tar-oil, and its various forms, such spiritine, 

3d. combination zine chloride and creosote. 

4th.—The Hassellmann Barschall treatment. This process 
will involve the additional testing the influence 
boiling timber solutions various temperatures. 

5th.—The electrical process timber treatment, using mag- 
nesium sulphate. 

6th.—The Ferrell process, using various salts. 

7th.—The creo-resinate process. 

making comparative-strength tests treated and untreated 
timbers, will very desirable eliminate, far possible, the 
variable strength factor found untreated wood. this end, the 
method used during the last year has been found very effective. The 
given log was sawed into two pieces, one half was treated, and the 
other half left untreated. The results, strength obtained after 
the two pieces were tested, eliminated this variable factor almost 
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entirely, because the two pieces came from the same tree, and from Mr. von 
about the same region its trunk. 


The influence drying seasoning after treatment, the 
strength timber, has not been fully realized. believed that 
kiln- air-drying treated timber will many instances increase the 
strength the material. series tests should made order 
determine what extent subsequent drying treated timbers affects 
the strength such material. 

Several experimental plants are now under process construction, 
where will possible measure accurately the time during which 
timber steamed impregnated, the temperatures which steam- 
ing impregnation takes place, and also the pressure. Accurate 
scales are being fitted weigh large timbers, both before and after 
treatment, determine the loss gain weight. hoped that 
the Society will discuss this phase the timber-testing question very 
fully. Any suggestions which the members may have, referring the 
foregoing general outline, any new phases which would seem 
desirable consider, ought brought forward. The foregoing 
outline simply general statement, which worked out 
detail the near future. 


Lanza, Esq. (by letter).—At the request Mr. Pinchot, Mr. Lanza. 
proposed general outline for the tests timber made the Di- 
vision Forestry, the Department Agriculture, was submitted 
him June 23d, 1902. 

This general outline quoted their printed circular, beginning 
page and ending page and will not repeated here; but 
the following topics will discussed, 

1.—Some general remarks testing timber, including the im- 
portance making the tests upon such sizes, and such 
kinds timber, are used by, are useful for, engineers, 
and under the conditions practice, especially regards 
knots, cracks, crooked grain, and other defects. 

2.—Criticism the work performed upon this subject the 
Division Forestry, between 1891 and 1896, which was 
published Timber Physics,” Volume 

3.—The value and importance the tests proposed Series 
page the circular. 

4.—Remarks upon certain portions the 


1.—It evident every engineer that the timber beams used 
practice are very rarely ins. section, that 12ins., ins., 
and larger, are sizes common use, and that these latter 
may properly called full-sized pieces. 
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also plain, anyone who uses timber building, that full-sized 
pieces contain cracks, crooked grain, and other defects, which 
would not tolerated the 2-in. pieces which, the olden time, 
were used extensively for tests, the results which, well 
known to-day, not furnish any constants suitable use design- 
ing timber structures. 

Indeed, for any one kind timber, the greatest influence upon its 
resisting powers exerted the defects stated, and their effect 
even greater than that the percentage moisture, degree 
seasoning, though this latter ranks next importance. 

Anyone who has tested considerable number full-sized tim- 
ber beams, and has attempted estimate beforehand their strength 
and compare his estimate with the facts, will thoroughly convinced 
the truth the statements made above. 

Indeed, the writer knows, from personal experience, the case 
Spruce, that careful consideration the knots, cracks, crooked 
grain, and other visible defects will enable one who takes pains 
keep himself practice predict the breaking strength such 
beam within about 6%, the degree dryness being con- 
sidered only such extent can judged the eye. 

the light the above, plain that any experimental study 
the resisting properties timber which does not take these things 
into account wholly unsuited furnish such information the 
engineer needs. Hence the only tests from which can hope 
derive information value are those full-sized pieces. 

making such tests, are brought, once, realization 
the fact that there great variation between different pieces the 
same lot, all suitable for use, the strongest being often three times 
strong the weakest. practice, therefore, when, usual 
the present time, the entire lot used indiscriminately, the constants 
used designing should very considerably below the average 
values. 

the time should ever come when the engineer makes selection 
between different beams columns the same kind timber, that 
selection will made mainly upon the basis the knots, cracks, 
crooked grain, and other defects, while the determination the actual 
strength will also involve, some extent, consideration the per- 
centage moisture. 

2.—As the report the work done upon Long-Leaf Yellow Pine, 
under the auspices the Division Forestry, between 1891 and 1896, 
the results which were published Timber Physics,” Volume 
the following observations should made: 

a.—By far the greater part the work was performed upon small 
pieces, and the attempt was made imitate that portion the Munich 
tests which was made upon small pieces. Inasmuch these results 
not furnish values suitable for use, they will not discussed here. 
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from tests full-sized pieces may said twenty-five beams 
from nine trees, all from one locality, call 8-in. pieces full- 
sized; otherwise they include only seven beams from four trees. 
The number tests and trees was wholly justify 
the drawing conclusions value the engineer, even the tests 
had been made correctly. 
c.—The testing machine used did not weigh correctly, account 
the friction the cup-leather packings; and, whereas, after this 
had been criticized severely, Professor Johnson changed the construc- 
tion the machine that shown his book, Materials Con- 
nevertheless, the results full-sized pieces were all 
obtained with the incorrect machine. 
d.—Pains were not taken, the determination the moisture, 
make sure that the percentage contained the pieces tested for this 
purpose was really the average that the entire beam. 
e.—Therefore, seems the writer that the results the tests pub- 
lished Timber Physics,” Volume II, not furnish such informa- 
tion needed the engineer, and that, therefore, the new tests, 
advantage cannot taken any those results. 
No. 15, the Forestry Division, details are 
given, and hence presumable that the tests there reported were 
made manner similar those reported Physics,” 
Volume IT. 
3.—Tests the character described pages and the 
circular, under the heading Series are very great importance, 
they will serve furnish quickly the information most needed 
engineers, e., the constants (compressive strength, modulus 
rupture, and modulus elasticity) that can depended upon 
any one kind timber. For this purpose, course, pieces various 
qualities should selected, including some the poorest that 
would suitable use construction. Indeed, the above the 
character the greater part the tests full-sized timber that 
have been made the writer’s laboratory, especially upon Spruce, 
Yellow Pine, and White Oak, well upon few other kinds. 
the case timber bought the lumber yards, very little 
information, any, can obtained regarding its growth, seasoning, 
but, even without such information, can obtain values for 
ready use fora number kinds wood, which would serve very 
useful purpose. 
writer will now discuss few the matters which are 
referred the circular, and which need some comment. 
The circular does not contain any proposition for the making 
time tests upon full-sized beams, matter very great importance. 
Tests this character should made every station, order 
determine the effect upon all the constants, subjecting the pieces 


b.—The only results published that volume which were obtained Mr. Lanza. 
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load for long period. the writer’s laboratory, such tests have 
been carried for periods varying from about five months about 
three years. 

two schemes for moisture determination, mentioned the 
writer’s outline, are not adapted separation the volatile oils 
from the moisture, matter much importance. 

The method proposed the circular, for separating the two, will 
proper one, provided can shown that the three discs chosen 
the manner described represent fairly the percentage moisture 
the entire beam. 

The only way settle this question make preliminary 
investigation, determine how (if all) any discs can chosen 
which will represent fairly the quality the piece moisture. 
the result such investigation should show (as the writer 
inclined think) that such discs not represent fairly the entire 
beam, then proper method pursued would the following: 

Determine the percentage volatile oils set three 

Determine the percentage volatile matter set three ad- 
jacent discs. 

Determine the percentage volatile matter the beam from the 
remainder the beam (i. all except the six discs mentioned above), 
the first the two methods given the writer’s outline. 

Determine the percentage volatile oils the beam proportion. 

c.—The tests for compression across the grain should much 
more extensive than those proposed the order 
furnish information value. They should include considerable 
range ratio length diameter the pieces tested. 

d.—It may well mention few minor matters, follows: 

a.—The writer does not believe that the yield point timber, even 
exists, can found with sufficient accuracy make the results 
any value. 

the transverse breaking load, the modulus rupture can 
but not the extreme fiber stress fracture. 

seems the writer least doubtful whether deflections can 
obtained with sufficient accuracy, the load continuously 
increased. 


Am. Soc. E.—While the speaker has had very 
little with timber since 1895, except the way false-work 
construction, bis former connection with the Government tests, during 
period two and one-half years, aroused him interest tim- 
ber physics which has not yet, and trusts will never be, abated. 

the old days, had much enthusiasm, but little money. 
the speaker understands, they have much enthusiasm and much 
money. more auspicious circumstances could devised, and 
great results may expected. the spring 1895 there were some 
discussions relative the formulation broad and completely com- 
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prehensive scheme, embracing the whole field timber investigation, Mr. Johnson. 
but before anything had been done along this line the appropriation 

ran out, and the spedker’s connection with the Division Forestry 
and, far knows, small-scale drawing the whole 
field has ever been made. 

Yet this absolutely essential, not the end that may begin 
the beginning and carry everything before go, but for exactly 
the opposite reason; that may make investigations here and 
there, exigencies may demand, suits our convenience, feeling 
comfortable the assurance that each step made leaves one less 
make, whatever the order which taken. the making appar- 
ently entirely disconnected investigations, the fields, nevertheless, 
will overlap, and these portions will and perhaps many 
times. 

the speaker’s estimation, therefore, the thing done now 
for the Forestry Bureau prepare outline scheme all possible 
lines investigation which, our present knowledge, would indi- 
cate any profitable return. doubt the Bureau would glad 
receive suggestions for such scheme, and the speaker has the 
temerity present one herewith for consideration. does not 
isfactory scheme could prepared any one man; and certainly 
none should adopted except after extensive discussion technical 
experts. 

With general plan for the whole work, the Bureau would then 
position receive suggestions from engineers, architects, manu- 
facturers and others the necessity for immediate information 
along certain lines. 

When begin consider the whole field timber investigation, 
about the first thing realize is, that engineers are not the only ones 
using timber, though, undoubtedly, they are the most strenuous 
their demands. First all, then, becomes necessary classify the 
uses timber, and the speaker suggests the following segregation: 


TIMBER. 

Utilitarian. 

Framed structures. 

Piles. 

Ties. 

Tanks. 

Walks. 

Boxes, cases, etc. 

Implements, tools, utensils, 

Instruments. 

Vehicles. 

By-products. 
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Finish. 
Furniture. 


Musical instruments. 


With regard the classification the headings the investiga- 
tion scheme given below, few words introduction may not out 
place. 

The eventuality hoped for that we, rather our children’s 
grand-children, may able grow timber for given purpose. 
This naturally suggests two main divisions the investigation, one 
determine the best uses the timber have, the other find out 
how produce what would like have. The first the speaker 
are self-explanatory. 


UTILIZATION. 


Physical Considerations. 
Cross-breaking strength. 


Crushing strength, endwise. 


Size log. Crushing strength, across grain. 


Age log. 


Penetration. 
Size test piece. Tensile strength. 
Rate growth (aver- aring strength. 
age) Resilience. 
Position Load with initial velocity. 
Load with initial velocity. 
Position above ground. 
Seasoning processes. Polish. 
Preserving processes. 
Artificial compositions. 
Fire retardants. 
Moisture. 
Shrinkage swelling. 
Defects. Weight. 
Liability diseases. Length life. 


Chemical qualities. 
Commercial Considerations. 


Cost. 

Present and prospective supply. 

Reliability uniformity grade. 

Characteristics which wood may identified. 

Rules inspection. 

Relative suitability different woods and treatments for 
different purposes. 
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CULTIVATION. 
Botanical Considerations. 


Physical properties. 
Anatomical structure correlated with 


Commercial Considerations. 
Placing forests for most suitable site conditions. 
Directing the use timber avoid needless waste. 
Apportioning forests according needs. 
Harvesting for perpetual service. 


the part this scheme, practically the whole 
value will summed the commercial consideration the 
most suitable timber and treatment for different purposes. The value 
the second part comprised the determination the relation 
between site conditions and anatomical structure, enabling lo- 
cate forests where the trees will develop the desired qualities prop- 
erly cared for. 

may inferred from the foregoing, the speaker does not ap- 
prove Series No. the scheme proposed the Bureau, inas- 
much all tests made timber bought the open market will 
wholly lost far the correlation with site conditions concerned. 
This deems waste time and money, not offset any im- 
mediate advantage. many cases the Bureau officials, themselves, 
would unable tell what kind timber was being tested. 

Series are necessary, but should all made material 
whose site conditions are known. series fire retardants might 
also profitably added. 

With regard Series VI, the speaker, just before leaving the For- 
estry Division, had planned investigation which was thought 
would give the resilience the material under loads applied with in- 
itial velocity. was that time considered impracticable meas- 
ure the energy the blow directly, account the large number 
ways which the effect the blow was dissipated, rendering 
impossible determine just how much was absorbed the speci- 
men itself. 

was proposed turn rods, say diameter and ft. long, 
rounded the ends, all the same condition moisture, and, strik- 
ing them the end with hammer, determine the pitch the note 
produced. This note results from waves set within the piece, and 
its pitch really represents the rate transmission stress through 
the specimen. wood giving high note would undoubtedly have 
great impact resilience. Incidentally, this series might have been 
considerable value manufacturers musical instruments. 

Series should made include constant loads. investi- 
gation this sort was made the former tests, whereby was found 
that one-half the load required break beam few minutes would 
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infinite time. But the series was very limited scope, 
being started only short while before the work was stopped. 

With regard the old series tests, the speaker believes they 
may taken conclusive, far the relative strength Pinus 
Palustris, Pinus Echinata, Pinus Cubensis and Pinus are con- 
cerned; but not conclusive with regard the other woods, nor 
methods treating timber; except the bleeding the Pines. 

The details execution the Bureau’s proposed scheme leaves 
little desired. the speaker’s opinion, however, there are one 
two points needing more careful handling. 

The method obtaining the moisture contents cross-section 
disks, although used the first tests, and while fairly satisfactory for 
all kinds tests except beams, not satisfactory for the latter. 
Especially would this true large beams, beams varying 
size. The reason for this that the interior the beam usually con- 
tains more moisture than the outside, that the ordinary 
curve the timber modified the varying influence the moisture 
contents. The average moisture the section, therefore, likely 
much error, far the influential moisture contents near 
the concerned. This would make difficult compare re- 
sults large and small specimens. The large beams would show 
greater strength, relatively, than they really would have. 

satisfactory comparison could probably obtained the beams 
were all made the same size, with separate series determine the 
influence size, was done the first investigation. But better 
method obtaining moisture contents should devised. The 
speaker believes this can done cutting the disks slices parallel 
the neutral axis and giving weight the different percentages 
the different pieces proportion their distance from the neutral 
plane. any rate, this should done until determined that the 
method alters the results too slightly worth the trouble. But 
very slight change moisture makes large change stress 
the low perceutage for kiln-dried material, and the speaker believes 
there will considerable difference results shown this 
method. 

If, for beams, the old disk method poor, the method obtain- 
ing the moisture contents weighing the whole stick very much 
worse. The moisture the ends beam cuts practically figure 
the result, but would, such method, given much weight 
that the middle. 

The Bureau, however, has not seriously considered the adoption 
the above suggestion. 

The speaker would counsel small minor tests and many them, 
making size, with associated defects, separate investigation, shown 
his scheme. The reason for this that, what will, there are 
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many more unknown quantities than equations such work, that Mr. Johnson. 
results can only obtained large number tests. increase 

the number variables must increase the number tests the 

same proportion. 

use, Minimum unit, beams ins. ft. would about 
double the variables, compared with what they were with the 
original beams, ins. ft.; hence would take about twice 
many the larger beams the smaller ones able draw 
scientific conclusions equal value regarding the strength different 
species. other words, would take fourteen times much 
timber for the large tests for the smaller ones, obtain the same 
accuracy. 

The circular states that proposed load the beams the 
middle. This poor method for anything but the most homoge- 
neous material. compels break certain point, whereas the 
desire may break different point. The results, therefore, are 
too high. This was all threshed out the original investigation, and 
was found much better have uniform bending moment for some 
distance (12 ins. was used) the middle. 

The speaker, not being present user much timber, will leave 
those who are suggest the important parts the general 
scheme requiring immediate investigation. one sugges- 
tion would like make the Bureau, and that that they pre- 
pare handbook, pocket size, for the identification timber and 
trees both summer and winter. 

Every engineer would feel the value whatservice 
him for the Department say that one kind wood much 
better than another for certain purposes, when unable tell 

The speaker remembers some the results shear beams ob- 
tained the first investigation. Some the largest beams failed 
shearing along the neutral plane, having become case-hardened, 
they say, drying too rapidly and hence checking badly; being 
case which likely occur very often practice. They were 
Long-leaf Pine, and failed about 150 200 lbs. per square inch, 
whereas the small-sized shearing specimens that wood would have 
shown shearing strength from 600 700 lbs. per square inch; and 
the tables which were prepared the Forestry Bureau, Bulletin 
No. 12, cautioned much greater factor safety big beams than 
small beams, that account. 

The speaker would never design large beam take more than 
about 100 lbs. per square inch shearing stress along the neutral 
plane. This was one reason why, the Bureau’s design timber- 
trestle bridges, corbels were used, the bolts running through the 
corbels the ends the stringer would assist increasing the 

shearing strength that point. 
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matters detail, discussing this subject, the speaker would like 
offer one two suggestions which seem practical. 

the tables strength beams, published since the Government 
investigation was started, the strength short beams given 
being independent the length. That is, when the length short 
comparison the depth, the central breaking load the beam 
would independent the length. 

has been shown, course, that the case beam which fails 
shear along the neutral axis, the theoretical breaking load the 
same for different lengths when the cross-section the same. The 
speaker, however, has seen experimental data which would 
use the actual designing beams this character. make the 
point clear, suppose have wooden beam, ins. deep and having 
clear span ft., loaded the center. How should the breaking 
load determined? From the published tables, such beam would 
not carry any more than similar beam ft. clear span loaded 
the center. seems quite probable, however, that the shorter beam 
would really sustain greater load. The actual length the former 
beam would somewhat more than ft., provide proper end bear- 
ings; and the load, practice, would have distributed enough 
prevent local crushing. These conditions would almost certainly 
affect the tendency shear along the neutral axis. not unlikely, 
too, that the shorter the beam the greater would the effect these 
conditions upon the breaking load. 

Beams the kind question are used large extent engi- 
neering construction, and would certainly wise determine the 
laws that govern their strength. The speaker would suggest that 
series tests made with properly designed wooden beams where 
the span short compared with the depth the beam, such 
series tests, properly planned and executed, would great com- 
mercial value. 

Another subject for investigation the effect water-soaking 
upon the strength timber; the effect soaking, under different 
pressures and for different lengths time, and for different kinds 
timber. engineer often has occasion use timber under water, 
and would therefore like know what the strength that timber 
after certain time immersion. The obtainable are 

means sufficient. true that tests have been made the effect 
percentage contents moisture upon the strength certain kinds 
timber, but that not enough. The speaker would suggest that 
attempt made obtain more data cover this point. 

These suggestions are the fruit actual problems the 
practice; and, without doubt, many engineers can recall similar prob- 
lems their own. 
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Hart, Assoc. Am. Soc. E.—The speaker desires Mr. Hatt. 
comment upon certain matters brought Mr. Johnson. Touching 
the relation the general interests forestry tests determine 
unit values the strength and stiffness timber, seems the 
speaker that any factor affecting the use timber has influence 
upon the work the forester. For example, the true value such 
wood second-growth Loblolly Pine should determined and its 
use promoted, the work the forester bringing about conserva- 
tive forests would thereby greatly aided and the 
interests the public promoted. 

The outline that the speaker has mind, ideal scheme 
investigation all matters relating timber, agrees with that pre- 
sented Mr. Johnson. The pursuit and successful completion 
scheme this kind very attractive ideal, and, the speaker’s 
opinion, therefore somewhat dangerous, because impracticable. The 
investigator would soon find himself Jabyrinth. almost 
certain that this somewhat Utopian scheme would not carried 
successful and the endeavor use the same material 
supply data for different parts the general field investigation 
the investigator will probably fall between two stools. For instance, 
the sticks used construction are taken from log different way 
from those that are best adapted yield representative for the 
mechanical properties the tree. Again, the German investigators, 
order determine the effect minor conditions upon the strength 
wood, perform tests small sticks which not contain knots 
and other accidental defects; whereas, this country, large sticks are 
tested for the very reason that they contain knots. The very 
object one series the proposed investigation determine the 
extent which these knots and other defects lower the strength 
the timber. 

With regard Mr. Johnson’s programme, which comprehends all 
possible relations between growth and strength, certain that only 
afew the possible conditions growth have any important 
ence. knowledge the relation many the factors listed 
Mr. Johnson would interesting; certain that the effect these 
factors could not isolated and determined. knowledge many 
these would not sufficient value justify the expenditure 
the necessary time and money. Roth’s study the Bald Cypress*, 
which trees were collected from various sites, brought out the fact 
that individual variations and variations within one and the same tree 
are fully great the differences brought out the woods from 
different localities. Roth’s study the White also showed that 
the specific weight (which varies directly with the strength) wood 

Circular No. 19, Division Forestry. 

Circular No. 22, Division Forestry. 
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from swamp trees heavier lighter than the wood from upland 
trees, the trees from New England differing apparently way from 
those the Lake region North Carolina. useful results, the 
writer’s knowledge, have followed the attempts which have been made 
determine formal tests the relations which exist be- 
tween conditions growth and quality timber. 

Has not Mr. Johnson and others that the collector 
operating the forest can only describe the conditions which exist 
the period the visit, whereas the tree has been growing some 
cases two hundred years? The collector the market knows more 
the history the tree than does the collector the forest, for the 


former sees the history the annual rings. 


Another instance which one important object tests timber 
frustrated, the endeavor kill two birds with one stone, the 
European method selecting test specimens that values may 
obtained representing the average mechanical quality the tree. 
The Germans quarrel with the former Government timber tests 
because the manner taking out the test pieces, their opinion, did 
not show the average quality the tree. Now, even some method 
were agreed upon, for the selection test pieces that would serve 
this purpose, such average quality would have practical 
meaning, for the reason that the practical questions solved have 
relation only part the wood the trunk. obtain mechanical 
values that shall have useful significance for the designer manu- 
facturer, tests should made upon that portion the trunk that 
actually used. factor representing the strength the whole 
trunk has but little meaning desired determine, for instance, the 
relative value for carriage construction second-growth virgin- 
growth Hickory, the relative value Swamp White Oak Upland 
White Oak. The comparisons should made upon the wood taken 
from that part the trunk which available the manufacturer 
for such purposes. 

Mr. Johnson will, doubt, agree that, for the purpose estab- 
lishing the mechanical value structural timber, necessary 
test large sticks. believes, however, that these should taken 
from the forest, the interest general scientific knowledge. 
favor sticks obtained the market the mill, the speaker 
would point out the following advantages: 

(1) Economy. 

(2) The certainty that the material represents actual com- 
mercial product. 

(3) That all the essential facts, certainly all those that the con- 
structor any can determined with reference 
the history the timber. case large structural timber, the 
lumber dealer can furnish information the mill from which the 
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ditions seasoning. case sticks hardwood, procured 
the mill, this information also available. Knowing the mill, the 
forest conditions from which the mill draws its supply can easily 
determined. competent dendrologist has difficulty deter- 
mining the species least the timber the market 
examination the wood fiber. any rate, for the purposes 
obtaining unit values for the design framed structures, two 
sticks timber closely related species, as, for instance, Long-Leaf 
Pine and Cuban Pine, are closely alike weight and appearance 
fiber that expert cannot distinguish between them, the con- 
fusion one species with another matter practical import- 
ance. 

The speaker would digress order state his personal opinion 
the most economical method obtaining knowledge the 
effect conditions growth upon the volume and character the 
wood produced the forest. believes unnecessary 
and rather clumsy method cut down many trees, and submit them 
the action the testing machine order determine the rela- 
tions sought. fact, many practical lumbermen, from 
general observation and experience, have qualitative knowledge 
the effect conditions growth the value the wood. This 
knowledge must always largely inferential and can never pre- 
cise. The mechanical work the testing machine, the speaker’s 
view, should establish the relations between specific weight and 
strength; between moisture and strength; between different charac- 
teristics fiber and strength; and should determine the relations 
which exist between the moduli strength exhibited any species 
under different kinds loading, the end that, from the results 
one kind test, the predicted under another kind 
loading. The testing machine can also determine the mechanical 
effect different technological processes identical material. 
this way, general, the testing machine establishes the relation 
certain physical appearances and properties the strength under 
loading. The number cases not very great any one species, 
and would comparatively simple matter determine these 
relations. 

Now, the botanist and the forester, connection with lumbering 
operations, study forests, can easily determine the character 
wood produced under different growth conditions. With the in- 
formation derived from the testing machine his hand, can easily 
infer the mechanical worth the different kinds wood produced 
under given growth conditions. this way, single individual 
few weeks forest can learn more than entire organization 
testing engineers many years. This the speaker’s personal view, 
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however, which has not been submitted for criticism any botanist 
forester. 

useful end for timber tests the present time the determina- 
tion which the so-called inferior species will prove the best 
substitutes for those woods whose increasing price gradually plac- 
ing them out reach for certain purposes. This problem involves 
the determination, quantitative measure, the difference 
strength and durability two woods which use for the same 
purpose, that economical selection between these two may 
made. This remark applies, for instance, material for cross-arms 
for telegraph poles, box boards, joists, 

answer Mr. Russell’s question the strength short 
block which under bending load, the speaker would say that tests 
have been made determine the relation between the strength 
sticks long and short span Mr. Hood, Chief Engineer the 
Southern Pacific Railway. known, course, that large sticks 
short span must designed for horizontal shear, and extreme 
cases, possibly, for compression along the side the grain the 
point application the load. 

There every reason believe, from actual tests and general ex- 
perience, that the effect soaking timber improve its durability, 
because the fact that such soaking removes the sap. The process 
soaking also renders hardwoods less likely warp. course, 
soaked timber tested immediately after removal from the water, the 
strength less than that dry timber; but there reason 
believe that, the timber which has been soaked subsequently 
dried, there will any diminution the strength due the previous 
soaking. 

forming views the method procedure for testing timber, 
one should remember that there are endless possibilities respect 
refinement methods, and the exercise judgment necessary 
rejecting useless refinements. One must also choose between those 
investigations which are scientific interest and those which have 
some outcome practical use. The following are the matters which 


(1) The relation between the physical and mechanical properties, 
that, future, from the result single test the engineer may 
compute the strength under the several kinds loading, the 
botanist may judge the value woods from inspection. 

(2) The effect moisture and speed application the load. 


(3) quantitative measure, the weakening effect due knots 
and defects structure. 
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(4) ascertain the value inferior woods now used market, 
instance, second-growth Loblolly Pine; and species that will 
come the market the future, as, for instance, Western Hemlock 
and Spruce. This knowledge would allow proper choice substi- 
tutes for woods now becoming scarce. The work the forester, 
conservative forest management, will aided thereby. 


REFERENCE TECHNOLOGICAL PROCESSES. 


(5) study the best methods seasoning, and the effect these 
the strength and durability. 

(6) study methods preserving; their efficiency; their effect 
strength; and the best species for use. 

(7) work out special problems, such the determination 
sizes cross-arms telegraph poles box boards, order 
economize material. 

answer Professor Lanza’s remarks, the speaker would say that 
provision made for time full-sized timbers; that prelim- 
inary investigations show that the corrections the moisture deter- 

minations due the volatilization the oil the wood are minor 
importance, and may neglected, except the cases very fat 


Long-Leaf Pine. The correction ordinary cases fraction 
per cent. 


The present state knowledge would lead the belief that the 
variation the moisture along the beam small comparison the 

variation throughout the cross-section. The testing timber the 
green condition will avoid many difficulties arising from the effect 
differences moisture the strength the timber, for the reason 
that after timber has absorbed moisture, additional weakening 
effect accompanies any further absorption. sufficient number 
beams are tested after thorough drying determine the 


relations the strength dry green timber. The tests for com- 
pression across the grain have been planned include full-sized 
pieces, accordance with the suggestion Professor Lanza. 


According the speaker’s the yield point timber 

limit sufficient definiteness form proper and useful basis for 
the designer. recognized that the modulus rupture not the 
same the extreme fiber stress fracture. case large beams, 


read the in. This can done under continu- 
ously increasing load. 
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Informal Discussion the Annual Convention, June 11th, 1903.* 


FoR Discussion: 


view the Increasing Weights Rolling Stock, what 
Loadings should Railroad Bridges 


Mr. Hodge. Am. Soc. (by letter).—The constantly 
increasing weights rolling stock railroads subject which 
affects most vitally the safety all bridges such roads; and, 
few operating departments have made proper allowance for such 
increase ordering these structures, has been necessary re- 
move many good bridges and replace them with heavier ones within 
very short periods; generally much shorter than their natural life 
under loads for which they were designed. properly the field 
the operating departments keep the probable increase loads 
view when giving data the construction departments; but though 
these live loads have been increased more than 100% the last 
twenty years, with certain signs maximum limit, seldom 
find operating manager who thinks there the slightest neces- 
sity designing bridgeg for greater loads than the latest locomo- 


*The discussion this subject, for which formal paper was presented, 
printed Proceedings orderthat the views expressed may brought before all 
for further discussion. (See Rules for Publication, Proceedings, Vol. XXV, 
71. 

Communications this subject received prior September 25th, 1903, will 
published subsequently. 
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tives has ordered; and the writer has known railroads order Mr. Hodge. 


bridges the same line for three different live loads within two years, 
that the first bridges were overstrained within two years after 
they were completed. 

This appears very short-sighted policy, and yet 
question whether the bridge engineer position correct it, 
his situation places him the delicate position appearing 
wish increase his remuneration suggests increasing the 
weight structure over what ordered design. stated 
previously, however, there sign that the maximum rolling 
loads have been reached, and they are continue increusing 
anything like their past rate, certainly advisable for railway 
managements give the subject more attention than has hereto- 
fore received. evident all engineers, and men other depart- 
ments railroad construction and operation, that the tendency 
constantly toward the moving freight larger units, and 
well-established fact that the extremely low cost per ton moving 
freight American railroads has been reached this use larger 
units than are used elsewhere. 

seems agreed all operating managers that increased 
economy would further secured enlarging the loads carried 
each locomotive, and, therefore, would appear that the final maxi- 
mum weight locomotive will only found when the sustaining 
power the roadbed reached, when impracticable get 
more weight the drivers locomotives. often hear the state- 
ment that locomotives cannot made much heavier because the rails 
will not carry more, but this statement has been made continually 
for many years, and, the time, the weights locomotives have 
been steadily increasing and the weights rails have been increas- 
ing about proportionately. The writer cannot see that the section 
rails can ever bar increasing live loads, these rail sec- 
tions can increased whatever point desired, larger tie-plates 
being used, and would appear that much more serious difficulty 
overcome the supporting power the earth roadway and the 
rail joints. Ties cannot spaced much, any, closer than they are 
now, bedded the present manner ballast, the present spaces 
are about small possible allow proper tamping ballast 
hold the track line and surface. more bearing surface, with the 
present general arrangement, desired, will probably have 
gained lengthening the ties, and there seems good reason 
why this should not done. 

With the present arrangement ties, bedded good stone 
last, the pressure the earth roadbed, from driving axle weighing 
60,000 spaced ft. from center center, can assumed 
spread evenly over area ft., ft., giving press- 
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ure lbs. per square foot. this doubled, for impact, 
there would still only little more than ton square foot, 
which does not seem much well-compacted earth roadbed 
should stand. course, this absolute pressure not entirely the 
governing feature the permanency way, necessary have 
the ties held place rigidly that they will not get out line and 
surface. But must borne mind that the maximum loads hauled 
will heavy freight trains comparatively slow speed, and, all 
probability, they not have nearly injurious effect the per- 
manent way the much lighter passenger loads moving greater 
speeds. Thus would appear that there reason why the maxi- 
mum live loads should determined the supporting power, the 
rigidity, the permanent way. 

There still remains the question what maximum weight 
mechanically possible put over driving axle, and the writer feels 
confident that this will the governing point the extreme axle 
loads. Locomotive builders have had their ingenuity taxed already 
get the necessary weight the driving axles prevent slipping, 
and yet keep within the clearance height, and anyone looking the 
modern heavy-grade locomotive immediately struck with the fact 
that the top the boiler near the upper clearance line that 
there only room enough for the smallest apology for stack and 
steam dome. 

must remembered that the height and width the locomo- 
tive practically limited, and, the present distances from 
center center drivers are made such that these wheels are 
close together possible, there seems further space 
get more weight, unless the railroad clearances height and 
width are changed, and this would mean practically rebuilding the 
railroads. may yet possible decrease somewhat the size the 
driving wheels and thus give more height above the axles for weights, 
but the modern heavy-grade engines have wheels less than diam- 
eter, that there not much room for any considerable change 
this direction. 

far the writer has been able get opinions from expert 
mechanical engineers engaged the design locomotives, seems 
probable them that the final maximum axle loads cannot practically 
increased more than 15% above the present maximum axle loads, 
and the writer believes this fair limit. 

The heaviest locomotives for which the writer has seen any data 
are those built for the Atchison, Topeka and Santa Railroad, 
weighing, without tender, Ibs. five driving axles, and 
lbs. the truck, making 232000 adriving-wheel base ft., 
259 800 lbs. total wheel base ft. ins., all shown 
the diagram, Fig. 
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27800 45500 46500 = 49000 45500 45500 
> 50" ~~ > 50" > 
Fie. 1. 


Those built for the Pittsburg, Bessemer and Lake Erie Railroad 
weigh 225 200 Ibs. four driving axles, and 100 the truck, 
making 225 200 Ibs. driving-wheel base ft. ins., 250 300 
total wheel base ft. ins., all shown the diagram, 
Fig. 


Mr. Hodge. 


56000 59200 55000 a 75 35275 “ 35275 


The latter engine the heavier per linear foot, and the heaviest 
single driving axle carries 200 lbs., with average for each driving 
axle 300 lbs. added this average the result would 
745 lbs. per axle, and, from this, the writer the opinion 
that locomotive having four driving-axle loads 000 each 
will sufficient cover the extreme probabilities rolling loads. 

The tender this Pittsburg, Bessemer and Lake Erie Railroad 
locomotive has 275 lbs. each four axles, and increasing these 
15% gives 566 lbs.; but there are greater possibilities increas- 
ing tender loads than there are for driving loads, therefore the writer 
would set the maximum tender wheel loads per axle. 

one forward truck axle used, taking 000 the result will 
engine weighing lbs., followed tender weighing 
168 000 making total 460 000 complete. 

hardly necessary this general discussion into the 
detail spacing wheel centers for this theoretical maximum load, 
but the spacings now generally used bridge specifications (which 
not vary greatly) seem about correct, except the distance from 
the last engine driver the first tender wheel, which now generally 

The following unifurm load still remains determined, and the 
heaviest loaded steel cars that the writer has been able find are the 
iron ore cars, use onthe Algoma Central Railroad, which weigh 000 
lbs., carrying net load 100 000 making total load 144 000 
over-all length ft., thus giving 000 per linear 
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foot, and this again increased 15%, the result 900 say 
7000 lbs. per linear foot. The writer, therefore, the opinion that 
will safe use, the probable maximum live loads for present 
railroad clearance dimensions, two locomotives, weighing 260 
drivers, and 460 000 lbs. complete, with tender, followed uni- 
form load 000 lbs. per linear foot. course, not necessary 
advisable for all railroads adopt any such maximum loads, 
few roads will ever need such extremely heavy class rolling stock, 
but this suggested maximum load only intended apply such 
roads have very heavy grades, and are looking forward hauling 
eventually the greatest possible units over such grades. certainly 
not, and never will be, practical adapt any particular set live 
loads the many railroad systems operating entirely different classes 
traffic, under entirely different conditions. 

hoped that this suggested maximum load may lead full 
discussion this important subject, and perhaps bring about more 
foresight the ordering new bridges, such foresight will cer- 
tainly benefit the railroad corporations, even the 
expense the bridge designers and constructors whose natural pref- 
erence would keep replacing light bridges, rather than build but 
one life-time. 

Cooper’s specifications, now commonly used standard load- 
ing for railroad bridges. This provides for two engines weighing 
355 000 each, including the tender, working order. Bridges, 
properly designed for this loading, will able carry with perfect 
safety load fully 50% heavier than provided for. This means that 
the weight engines can approach total 275 tons, before would 
necessary even consider the renewal the present bridges. 
When this loading has been reached, the present form roadbed 
will long have dissappeared. The speaker not prepared say 
what take its place, but engineers can feel assured that steel 
bridges, now designed, will carry any load that the present form 
roadbed will able bring them, all that should ex- 
pected them. Between the roadbed and the bridges, seems the 
speaker that the bridges have the advantage just now, and con- 
siders the E-50 loading more than ample carry anything that 
can carried the present form roadbed. 


Swensson, Am. Soc. E.—The-speaker concurs the last 
remark Mr. Schaub, that seems unnecessary for the present 
consider any heavier loadings for railroad bridges than those the 
heaviest engines mentioned Mr. Hodge being actual service, 
and for which Mr. typical loading, E-50, about the equi- 
valent; this load seems the maximum that can imposed 
upon the soil some embankments and side-hill roadbeds. 
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The above-mentioned heaviest engines daily over bridges designed Mr. Swensson. 
for somewhat less loading, without showing any effect the bridges, 
but this not always the case with the adjoining roadbed. there- 
fore indicates that, until some method strengthening the roadbed 
adopted, the should not increased and consequently 
increase should made the loading for railroad bridges. 
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THE LEVEE THEORY THE MISSISSIPPI RIVER. 


Discussion the Annual Convention, June 10th, 1903.* 


For 


the Treatment the Mississippi River, the Levee Theory 
Experience?” 


Harrop, Past-President, Am. Soc. E.—‘‘In the Treatment 
the Mississippi River, the Levee Theory justified Experi- 

The question whether theory justified experience hardly 
fair, when its application quite incomplete, the case the 
Lower Mississippi River, where the levees have, yet, neither the 
grade, section nor extension considered necessary, and the present 
contents, cubic not more than two-thirds that required 
the adopted standard. 

The discussion the however, opportune, recent 
flood magnitude has excited interest and afforded much information. 

The justification the ‘‘Levee Theory” involved such 
changes the bed the river, flood channel, result either 


The discussion this subject, for which formal paper was presented, printed 
Proceedings order that the views expressed may brought before all members 
the Society for further discussion. (See Rules for Publication, Proceedings, Vol. XXV., 
71.) 
this subject received prior September 25th, 1903, will 
published subsequently. 
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from natural causes from increase the discharge levees, Mr. Harrod. 


during more than bank-full stages. the bed rising, the capac- 
ity otherwise reduced natural and continuing conditions, the 
completion levee system will prolonged, not made intermin- 
able. the bed not rising, and the waterway maintained 
improved, either deepening widening, the discharge 
larger volume higher velocity, then the problem, though large, 
simple and certain. 

The Mississippi River Commission, therefore, has given careful 
investigation such changes since its appointment. 
seasonal movements are constantly going on. certain stages bars 
build pools scour. others this process reversed. Besides 
this, there general down-stream and snake-like movement the 
sinuosities the stream. The current binds against the upper and 
slack against the lower side points. Theretore the points, with 
their opposite concavities, move slowly downward from erosion 
the upper, and accretion the lower, side. The location the 
pools and bars has definite relation the curvature the bends, 
the former lying the concavities, alternately the right and left 
banks, and the bars the nodes reversion points between the 
pools. Hence, the bends move down stream, the bars and pools 
move with them. Again, the result caving one and accretion 
the opposite bank, the river shifts sideways. Instances are not 
wanting where this movement has amounted its entire width 
fifteen twenty years. 

evident that with these unstable conditions but little can 
learned from isolated scattered soundings. cross-section line 
over bar may, few years, lie through pool, the river ‘may 
have slipped one side, leaving dry ground. 

Inthe years 1881, 1882 and 1883, the Commission made exact and 
detailed survey the river from Cairo the head the Passes, dis- 
tance miles, with cross-sections averaging about four the 
mile, and seventy-five soundings the line. There was better way 
investigating this difficult and important question than repeating 
the survey. This was done 1894, 1895 and 1896, after interval 
thirteen years, over that part the river where the levee system had 
been most improved during the interval, from the mouth White 
River Donaldsonville, La., distance 472 miles. This second sur- 
vey was made greater detail, order that might better serve for 
future comparisons. 

There limit the value the results obtainable even this 
exhaustive process, which the Commission was aware, but better 
method seemed available. comparison between the two surveys would 
conclusive proportion the similarity the stage conditions 
ceding them and prevailing while the parties were the field. Each 
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Mr. Harrod. survey was such magnitude and detail require several months, 
and was improbable that there would close repetition the 
conditions the first during the second. 

Both surveys and the analysis their elements were made under 
the charge Ockerson, Am. E., and his detailed 
report them found the Reports the Mississippi River Com- 
mission for 1896 and 1897, published, respectively, the sixth and 
fifth parts the Reports the Chief Engineers for those years. 

The following conclusions from his study the conditions are 
well founded: 

The differences found these two surveys not necessarily rep- 
resent all the changes the resultant all the changes that may 
have taken place between them. this time the conditions 
the river bed may have varied both directions from those found 
either survey. They should, however, indicate any trend, per- 
sistent and progressive change that has taken place. This general 
tendency seems toward channel more uniform depth and 
greater capacity. 


Table No. gives the results from the Arkansas River Vicksburg, 
200 miles. 


TABLE No. ELEMENTS 1894 THOSE 1881-82. 


Low water. Medium stage. Bank-full. 


per cent. —0.08 per cent. 
+4.5 


composite comparative diagram the sections this part 
the survey shown Fig. 


MEAN SECTIONS, 
ARKANSAS RIVER TO VICKSBURG, 
Vertical Scale 0 20 40 


Bankfull Scale 


Bank full area 334 per cent greater in 1804 
Hydraulic radius .325 


Medium 
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The mean the results from Vicksburg Donaldsonville, La., Mr. Harrod. 


272 miles, given Table 


TABLE No. ELEMENTS SuRVEY 1895-96 
THOSE 1882-83. 


Low water. Medium stage. Bank-full. 


per cent. per cent. +7.5 per cent. 


The conditions under which the two surveys from Vicksburg 
Donaldsonville were made were different give abnormal 
results. The first (1882) was after the greatest recorded flood and 
the rise the succeeding one, which was considerable magnitude, 
while the last (1895-6) was preceded two seasons extreme low 
water, and very moderate intermediate flood, during which sediment 
transported from above would deposited the lower part the 
river, particularly below Red River, where relatively large low- 
water section, flat slopes, and correspondingly small velocities are 
found. 

duplication the survey 1881 now being made over that 
part the river from Cairo the mouth the Arkansas, along which 
the levee system has been much extended since 1895. the future, 
proper intervals time, resurveys will made over the 
entire river, until they yield indications persistent and progressive 
change. 

may assumed that the low-water plane conforms the shape 
the river bed, and that any elevation depression the latter, 
the result either natural causes levee building, will recorded 
the low-water gauge readings. The improvement levees during 
the past twenty years, and their effect increasing the height 
floods, has been most marked the 500 miles which are 
included the gauge stations Fulton, Memphis, Greenville and Lake 
Providence. There has, yet, been levee building which has 
affected the flood stage Cairo. The effect the bed the river, 
therefore, may observed comparing the low-water stages the 
points where levee improvement has been greatest with those Cairo 
where influence the kind has been felt. 

Prior 1882 the United States had built levees, and the 
cient and incomplete State levees existing the time were badly 
wrecked the flood that year, which left them quite unser- 
viceable condition. 

the average the low waters the points mentioned above, 
which have been selected fairly representative, for the five years 


| | 
§ 


Mr. Harrod. 


694 DISCUSSION LEVEES MISSISSIPPI 


following this disaster 1882 and that the last 
five years (1898-99; 1900-01-02) compared with the averages the 
low waters Cairo during the same two periods, standard, there 
will observed, during the latter period average relative depres- 
sion the low-water surface 0.74 ft. Fulton, 0.68 ft. Memphis, 
1.60 ft. Greenville, and 1.89 ft. Lake Providence. 

These reductions the low-water plane are indicative depres- 
sion the bed, and are proportionate the duration and degree 
levee maintenance and improvement the vicinity the gauge 
stations mentioned. 

Table No. will make this statement clearer. 


TABLE No. 
Average low water. Cairo. Fulton. Memphis. 
Reduction below Cairo, 1898- 


was observed, the great flood 1897, that: 


first gauge below Red River exceed its previous record was 
the lowest one the river, Fort Jackson. The next was the 
Carrollton gauge, and on,up Red River, where the gauge did not 
exceed its previous record until sixteen days after the Carrollton 
gauge had done so. When the Carrollton gauge had reached its 
previous maximum, that Red River still lacked 1.6 ft. the height 
which had produced that 


The same prematurity rise the lower gauge stations occurred 
during the present year. discussion this phenomenon 
Major Derby, Am. Soc. the Report the Mississippi 
River Commission for 1900, was considered due one only 
three causes: raising the bed the river below Carrollton; 
(2d) the effect crevasses and their closure, (3d) increase the 
carrying capacity the channel between Red River and Carrollton, 
which the resistance discharge and the slope over that 200 miles 
river was reduced. His analysis flood waves ranging height 
Red River from 19.3 45.2 ft. between the years 1872 and 1899, 
discredited the first two causes, and led the conclusion that the 
discharge capacity this part the river had been increased during 
the period under consideration. 

Besides these extended comparative observations, others more 
local character have been made, connection with crevasses 
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HIGH-WATER SLOPE 1882, AND LOW-WATER SLOPE 1883, 
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temporary outlets, Malone’s, Riverton, Bolivar, Mound Place, 
Morganza, Bonnet Carre and Cubitt’s Gap. Whenever the resurvey 
was made after the occurrence outlet, showed reduction 
the cross-sectional area below. When made after closure, enlarge- 
ment has been observed. 

When, 1880, the river was first subjected continuous observa- 
tion, the levee system was its infancy, some basins were entirely un- 
leveed, and such crude levees existed were breached many places 
every high water. was then noticed that the rise and fall was 
very different different places. When classified, the greater annual 
oscillations, amounting generally about ft., were found 
near the mouths the tributaries, the Ohio, St. Francis, Arkansas, 
Yazoo and Red rivers, while the lesser ones, averaging only about 
ft., were observed intermediate points along the fronts the great 
basins drained tributaries, Fulton, Memphis, Green- 
ville, Lake Providence and St. Joseph. 

The gauge readings, when plotted, showed smooth and regular 
high-water slope, while that the low-water slope was quite irreg- 
ular, being depressed about the junctions the tributaries, and raised 
between them, along the basin fronts. diagram the high water 
1882 and low water 1883, Fig, shows that these differences 
annual oscillation were caused, not the rise, but the excess 
fall the tributaries over that the bars the elevated bed the 
river between them. 

was further indicated the discharge observations taken 
high waters, the places near the tributaries, and the others along 
the basin fronts, that the discharges the former were about 500 000 
cu. ft. per second, and exceeded those the latter, intermediate 
points along the basin fronts, several hundred thousand feet. 

This difference, from quarter half million feet times, had 
escaped from the river bed, over the banks, into the basins, and was 
returned the main river below through the tributaries which are the 
outfalls for their normal and overflow drainage. Where the river dis- 
charged between banks the entire flood volume, the bed was deepened; 
and where discharged only two-thirds that volume, the bed was 
shallowed. depletion floods overflow had im- 
pressed this shape upon the bed. 

part the Levee that the escape flood water 
from the river along the fronts into the adjacent basins caused the 
elevation bed that existed, evidenced the low-water slope; and 
that, when this prevented levees, and the discharge confined, 
primary effect will the reproduction, the high-water slope, 
those elevations which have been observed and described the low. 
This has already been brought about the extension and improve- 
ment levees, and measured the excessive height recent 
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Lake Providence. will observed that equal increase 
heights has not occurted the mouths the tributaries. 

Another part the Levee Theory that reversal, removal, 
the conditions which have contracted one part the waterway and 
relatively enlarged another, the same river, will remove these differ- 
entiations, and that with uniform discharge for each stage, from 
Cairo the sea, affected only increment from the normal drainage 
the basins, through erosible bed which the river has moulded 
its needs, these irregularities slope, velocity and section will dis- 
appear, and that there will result regular and substantially parallel 
slope curve, flattened little each increment volume from 
tributary, until Red River reached, and from thence down the 
slopes all stages will converge sea level. 

the flow great along the basin fronts the tributaries, 
why should not the channel capacity this strictly sedimentary 
stream great one place another? 

The condition which the Commission found the river, and 
which description has been attempted, the result many centuries 
alternation channel depletion and enlargement every flood 
geological its age and its mass, will removed five ten years 
levee improvement, few great floods occurring intervals 
five six years. But, with the force and time have hand 
given previous part this discussion. 

The result all observations seems show general tendency 
enlargement the stream, that its capacity for flood discharge has 
been more than maintained, and that the apprehension its deteriora- 
tion, from natural causes, from levee building, may dismissed as, 
least, unproved, not disproved. 

Consideration must also given the floods the future, which 
will seek outfall through the channel belowCairo. they 
greater volume than those the past? They come from four sources, 
the Upper Mississippi, the Ohio and the Missouri water-sheds, and 
from the tributaries the main trunk below Cairo. may generally 
stated that, when the first three form combination which causes 
dangerous stage the Lower Mississippi, about two-thirds the dis- 
charge, cu. ft. per second, contributed the Ohio. 
This the controlling factor great floods. 

While the relation between deforesting and precipitation assumed 
rather than established, there doubt that the processes clear- 
ing, draining and cultivating may materially affect the distribution 
the run-off, delivering the streams larger share 
shorter time, and tending higher high waters and lower low waters. 
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even reversed. is, therefore, important part this discussion 
consider the bearing which the conditions the four sources supply 
have had, and will have, upon the high waters the Lower Missis- 
sippi. 

seems probable that the future changes the flood 
the Upper Mississippi Basin will slight. The forests, those 
ing commercial value, have been very largely cut down. cultivation 
under improved methods already greatly extended, the reservoir 
system may increased, and while the projected discharge the 
Chicago Canal, constituting about one-tenth the low-water discharge 
the river below Cairo may appreciably beneficial low-water 
navigation, its contribution about one-half tothe flood volume 
toosmall for consideration. 

unfortunate that the records not extend far enough back 
give life history these tributary rivers, the gauges having generally 
been established within the last thirty years. Fortunately, since 
bears the most important flood factor, Cincinnati exception, 
having continuous record forty-five years. examination 
shows that, ifthis period divided halves, the average flood 
heights the Ohio the first half 48.80, and the second 52.37 
ft. If, however, divided into thirds, they give the following re- 
lation averages for the three periods: 48.51, 52.57, and 50.69 ft. For 
low water, the average result for half periods 3.80 and 3.86 ft., and 
for thirds 3.83, 3.60 and 4.06 ft. not appear, therefore, that 
the Ohio River, for the last forty-five years, there has been pro- 
gressive change higher high waters and lower low waters (although 
the which such result usually attributed have 
presumably continued), but rather that some conservative restorative 
has been operation. 

The high and low waters Cincinnati for the period under consid- 
eration are shown Fig. 

The physical conditions the Basin the Missouri are materially 
different from those the Ohio. Except about the headwaters, 
region gentler slopes, largely without forests. Its progressive 
occupation and cultivation will accompanied plowing and plant- 
ing surfaces which are now smooth and and probably 
great development reservoir building for irrigation. The tendency 
these processes should check the rapidity with which its floods 
are discharged, and render less likely their coincidence with those 
the Ohio, which generally culminate February March. 

The tributaries below Cairo may grouped together for consid- 
eration. While some them head arid regions similar those 
drained the Missoun, they generally flow through flat alluvial lands, 
where drainage and always will slow, and where the prevailing 
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forests will gradually 
replaced cultivation 
which will not materially 
hasten the run-off. With 
overflow excluded from 
the basins, there 
reason apparent why the 
natural discharge these 
drainage systems should 
materially increased 
the future. 

not levees, 
then? 
Outlets? 

The tendency any 
extension reservoir 
system the Upper 
Mississippi Missouri 
would abate floods 
the Missis- 
sippi, but probably 
degree 
the Ohio, practicable, 
might produce more im- 
portant results. But the 
late 
Past-President, Am. Soc. 
E., closed this part 
the subject forever his 
most able report 1870. 

Outlets have received 
theoretic support the 
report Humphreys and 
Abbott, and the United 
States Commission 
Engineers 1875 for the 
reclamation the alluvial 
basin from but, 
after detailed examina- 
tion, they are 
mously: 

unwillingly 
tothe conclusion, that 


assistance reclaiming 
the alluvial region from 


what 
Reservoirs, 


unani- 
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can judiciously anticipated from artificial outlets. They 
are correct theory, but advantageous sites for their construction 

The views which these theoretical conclusions favor outlets 
were based, viz., that the bed the stream was material ine- 
rosible, and that changes volume and velocity bore little relation 
scour deposit, that its shape and dimensions would not respond 
these changes, have not been upheld more recent and exhaustive 
observations. These show that the bed material which being 
moved the current from day day and from bar bar, and that 
its shape and dimensions are the resultants this force. 

The experience levee building that the limit which the use 
the material and methods their construction can safely ex- 
tended has not yet been approached. The larger levees, which reach, 
sloughs other depressions, height ft., and even more, 
are generally considered among the safest. 

Many substitutes and reinforcements for the earthen embankment, 
various materials and construction, wood, stone, steel, concrete, 
etc., have been proposed. But when all things are considered, inclu- 
ding ease construction, economy and endurance, the outlook 
present that carefully constructed earthen levee system, with 
sufficient grade and section, when for, presents advan- 
tages with which competition will always extremely difficult. 

There are two natural conditions prevailing the Mississippi 
below Cairo which add materially the practicability and efficiency 
the Levee System.” One the general presence Bermuda 
grass, which grows with closely interwoven stems, attached the 
ground root tufts close intervals, and forms dense sod, pre- 
senting great protection against wave wash. The other the high 
charge sediment carried the river its higher stages. the 
water seeps into and through the levees, filtered, the particles 
being deposited the interstices the soil which built. 
The clear water percolates through the land slope, while its charge 
sediment remains and gradually diminishes the leakage. 

The experience concerning the cost making good the losses sus- 
tained the existing levees, from caving banks and breaks from other 
causes, has been collated for the past eight years. amounts annu- 
ally, during that period, little less than per cent. The losses 
the this season and certain important works renewal 
now sight will probably temporarily increase this annual cost 
the near future. Also, the levees approach the grade and section 
which considered necessary give them, and their contents per 
linear foot thus increased, the work closing any gap that may 
occur will proportionately greater. the other hand, the better 
construction and care which are already made possible, 
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certain degree, and which can, the future, practiced still Mr. Harrod. 


greater extent, from the more liberal and regular supply funds, 
should tend reduction the annual losses from caving banks, 
and the occasional losses from extreme high waters. 

This increase resources can expected both from fuller reali- 
zation the General Government the importance the work 
which has undertaken, the reclamation from overfiow, and the 
agricultural and commercial development 20000000 acres the 
most fertile soil, and from the increasing number and wealth the 
communities now occupying and improving these lands. 

The amount applied the extension and improvement the levee 
system the Lower Mississippi the year 1900 was about 961 000. 
this, about 000 000 was allotted from the appropriation Con- 
gress for the river below Cairo, and the balance was supplied the 
levee organizations the riparian States. This is, substantially, the 
division cost which has prevailed since the Government has shared 
the construction system. Several these local organi- 
zations now feel justified, their experience with the Levee 
Theory seek legislative authority for increase their contribu- 
tion additional taxation and bond issues. 

When the levee system the Lower Mississippi shall have been 
completed, will still but engineering structure, subject the 
vicissitudes time and accident. will need constant care, and 
occasional renewal parts. Crevasses will occur long trains 
are derailed, collide, ships are wrecked, fire-proof buildings 
are destroyed. crevasse the levee the future will more 
serious disaster than one the present time, proportion its 
greater depth and discharge, and the greater improvements which have 
developed under its protection. But this the case with all our 
work, whose progress has not been deterred the greater risks which 
are necessarily assumed meeting the demands modern civilization. 

This discussion, already too long, will closed with short com- 
parison the floods 1897 and 1903 and their results. 

The computations the discharge measurements the last flood 
are not yet complete, but apparent that the maximum discharge 
1897 was slightly more than that 1903. Greater heights were 
generally reached this year, mainly along the fronts the basins 
where levees have made the greatest reduction the overflow, but not 
the mouths the tributaries. This increased height was due both 
the extension levees along unleveed fronts, and the 
improvement made the existing lines since 1897, which enabled them 
exert more resistance and control. 

The greatest increase flood height this year was about ft. 
Memphis, where levees have been but recently extended. Neverthe- 
less, there were, 1897, between Cairo and New Orleahs, distance 
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960 miles, forty-three crevasses, while during the past flood, great 
had been the improvement levees the meantime, there were but 
six. While the limit the overtiowed area has not yet been completely 
ascertained, known reduced largely, not quite proportion 
the lesser number breaks. 

Table No. gives certain high-water records. column 
given standard, adopted provisionally the heights which great 
floods might expected reach when controlled levees. The 
other columns are explained sufficiently their headings. 

The experience 1903 makes advisable revision the provisional 
standard the vicinity some the gauge stations. 


TABLE No. 


Miles below 
high-water. 
Highest 
before 1903. 
Highest 
1903, 

1903 compared 
with 
standard. 


with previous 
compared 


New Madrid 
Cottonwood 


Sunflower.... 
White River.. 
Arkansas City. 
Greenville 

Lake Providence, 
Vicksburg.. 

St. Joseph.. 
Natchez 

Red River Landing 
Baton Rouge. 
Donaldsonville. 
College Point............ 


— 


will observed that high water has yet reached the predicted 
standard. 

The engineers engaged the reclamation the Valley the Mis- 
sissippi River from overflow know more about levee building than they 
have yet had the opportunity putting practice. They are quite 
aware many and much-needed improvements, both their con- 
struction and their care and preservation. the present time, 
the compelling need has been, and for several years will be, continuity 
line, higher grades and standard sections. Those used provisionally 
are everywhere below those considered safe for great floods, and the 


Gauges. 

Miles. Feet. Feet. Feet. Feet. Feet. 

70.3 42.90 41.50 39.50 —3.40 
40.40 38.30 40.10 —0.30 

54. 49.82 | —3, q 

52.50 50.20 50.00 

43.20 40.65 40.00 

38.70 36.19 —2.60 

29.80 27.80 —2.00 


— 


present contents levees are not more than 60% what considered Mr. Harrod. 


necessary for satisfactory protection. 

Yet, behind this partial shelter, population has increased, values 
have risen, wealth has accumulated, comfort and culture have devel- 
oped, and great railroad systems have extended, such rate that 
can said that the reclamation this region one the most 
successful and beneficent public works now progress. 


Brown, Am. (by letter).—A quotation from Mr. Brown. 


Bayard Taylor’s ode the Nile applies very appropriately the 
Mississippi River: 


Hast wandered, century century, 

Watering the length great Egyptian lands, 
Which were not, but for thee.” 

The Mississippi River, from its mouth the head waters the 
Missouri, has length 190 miles, perhaps, the longest river 
the world. The navigable waters this great river and tributaries 
are estimated having aggregate length more than 000 miles. 

The river drains area embracing 56° longitude, and 21° 
latitude, aggregating 240 050 sq. miles; the whole area 
the United States, exclusive Alaska. 

Were not for this great river, the main trunk which flows 
through the very core our country, would not have the vast area 
rich alluvial lands which constitute, not only large portion our 
country, but most productive and valuable portion; and would 
not have, subject for discussion, the protection this valuable 
territory from the ravages inundation. 

Referring the observations Taylor the Nile, the first thought 
that this large and valuable section our country was made the 
Mississippi River according the well-known and established laws 
Nature; and the further thought suggested, would civilization, 
had existed during the period when this system country 
was inaugurated Nature, have allowed done. 

answer were made accordance with the methods 
adopted man all his works, thus far, connection with the 
Mississippi, would, necessity, the negative, and, conse- 
quence, would to-day have valuable and extensive territory 
protect. 

perhaps most wise provision Nature, that her large and 
extensive undertaking, making rich and productive country, was 
inaugurated, and nearly completed, before civilization was introduced, 
otherwise might now compelled live and have our habita- 
tions floating order that all the available land could 
utilized for agricultural purposes support until could com- 
plete the filling the deep seas and oceans, which are now strain- 
ing every energy accomplish. 
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When man first settled this rich alluvial territory, about 185 
years ago, immediately began the construction levees, and thus 
was inaugurated the principle which has been extended and enlarged 
until the whole length the river now provided with range 
mountains each side, almost completely confining the waters; and 
the old-fashioned method building country, adopted Dame 
Nature centuries ago, has been entirely discontinued; and this method 
Nature’s, like the fashion dress worn our forefathers, is, 
this enlightened age, considered out date. 

That levees are necessary for the proper protection the alluvial 
territory from inundation from the river admits argument. 
They are absolutely necessary; but, the protection the territory, 
confining the entire volume the main trunk, order improve 
navigation, most apparently disastrous both protection and 
navigation, and reasonable assume that must either abandon 
our present methods protection, attempting confine all the 
flood volume one main trunk, satisfied lose eventually, not 
only the money and energy expended the work, but also all the 
benefits our large and valuable alluvial territory, Nature will not 
long submit being and 

Voltaire says: The progress rivers the ocean not rapid 
that man err.” 

well within the line possibility, considering the past and 
existing conditions regards the Mississippi floods, that man has 
erred, and erred sadly, attempting interfere with Nature’s laws, 
has doubt done, endeavor confine the whole flood 
volume one main trunk, and not allow the low places elevated 
and the swamps reclaimed for the support, health and prosperity 
future generations. 

would appear unnecessary, the light the information 
now available, and the facts now demonstrated, detail the many 
reasons why the total confining the waters the Mississippi would 
not disastrous all interests, not only for the present, but for all 
future generations. 

The very fact that are neglecting opportunity build 
the low places, reclaim swamp areas, and thereby improve the health 
the territory, sufficient evidence that are not making proper 
use Nature’s gifts; and possible that our efforts confine the 
floods are violation Nature’s laws. 

The futility attempting confine the flood waters the Missis- 
sippi demonstrated most thoroughly and convincingly con- 
sideration the work executed during the past twenty-five years, and 
the results secured. 

Prior the appointment the Mississippi River Commission 
the Federal Government, years ago—no general 
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systemized plan for leveeing the river was attempted. Each State Mr. Brown. 


constructed levees, for protection only, such lines and such loca- 
tions best served their several interests. this time, prior, 
there was thought confining the whole volume floods. 

Since 1878, combined effort, requiring the expenditure very 
large amount money and energy, has been made the United 
States Government, the States and Parishes, and the individual 
interests bordering the stream, make continuous levee system 
throughout the whole length the river, and retain entirely the 
flood waters within the trunk the river, and not allow the low places 
and the swamps, which comprise very large area, assist lower- 
ing the flood plane. 

This system levee construction was inaugurated 185 years ago, 
but only during the past few years has reached such stage com- 
pletion that its effects could observed impartially and practically, 
and determined with reasonable precision; and, while the system 
still far from completion, have now clear and positive conception 
the utter futility securing from the further completion the 
system any reasonable satisfactory results. 

The ultimate disastrous results the attempt confine the flood 
waters the Mississippi (aside from the tremendous losses from inun- 
dation, which are known and apparent all) are most eloquently 
portrayed aclose observation the flood condition during the time 
when but very small amount the work, forming the principle 
the present system, was completed, compared with the past few 
years when the system has been extended very considerably. 

Comparing the flood heights Carrollton, La., find that the 
great flood 1828 reached elevation 14.85 ft. above sea level. 
The great flood 1851 reached elevation 15.05 ft. above sea level, 
higher than the flood 1828. The great flood 
elevation 15.35 ft. above sea level, 0.3 ft. above the flood 
1851, 0.5 ft. above the flood 1828. The great flood 1897 reached 
elevation 18.72 ft. above sea level, 3.37 ft. higher than the flood 
1874, 3.67 ft. higher than that 1851, 3.87 ft. higher than that 
1828. The flood 1903 reached elevation 19.05 ft. above sea 
level, 0.33 ft. higher than the flood 1897, 3.70 ft. higher than the 


flood 1874, ft. higher than the flood 1851, and 4.2 ft. higher 
than the flood 1828. 


—That during the twenty-three years, from 1828 the 
increase flood plane was only 0.2 ft., and that during this period 
twenty-three years very little protection work was executed. 

2d.—That during the twenty-three years from 1851 1874 the in- 
crease flood plane was only 0.3 ft., and that during this period 
twenty-three years considerable protection work was executed, but 


; | 
i 
j 
4 
| 
| 


Mr. Brown. 


706 DISCUSSION LEVEES MISSISSIPPI RIVER. 


was small compared with that the following period twenty- 
three years. 

3d.—That during the twenty-three years from 1874 1897 the in- 
crease flood plane was 3.37 ft. was during this period twenty- 
three years, beginning 1878, that great activity was displayed 
the construction levees, and 1897 these levees confined very 
considerable portion the river. 

4th.—That the short period six years—1897 1903—the in- 
crease flood plane was 0.33 ft. During this period six years the 
levee system was considerably enlarged, strengthened and extended, 
but was far from being completed. 

5th.—That 1828 there was practically protection work. 

6th.—That and 1874, the protection works were very limited, 
both extent and dimensions. 


7th.—That 1897 and 1903 the protection works were very large, 
both extent and dimensions. 


8th.—That none these years high floods have the protection 
works been maintained against failure. 

9th.—That have method determining positively what would 
have been the elevation the floods, other conditions, had the 
protection works not failed. 

10th.—That there known proven formula, guide, rule, 
precedent which works protection, which embrace the confining 
the flood waters, can calculated, designed constructed with 
any degree safety. 

have absolute positive evidence that the 
meteorological and climatic conditions during these years high 
floods were abnormal, these conditions, abnormal, during 
these years, will not surpassed their intensity precipitate 

12th.—That the elevation normal high water later years, 
from 1897, has reached higher elevation above sea level than did the 
great flood 1874 those previous 1874. 

The foregoing cursory examination flood conditions, covering 
period seventy-five years, provides convincing arguments which show 
most conclusively that may not, with entire economy safety, 
confine the flood waters the Mississippi; and there exist other argu- 
ments and reasons, equally and tenable, which will re- 
ferred briefly follows: 

A.—The present status the material forming the alluvial basin 
through which the river runs, such that even with low velocity, 
uniform, constant and proper waterway channel cannot main- 
tained, possible older and more stable territory; and, con- 


The extraordinary floods Kansas, Nebraska and Iowa, during the past few days, 
since this discussion was prepared, demonstrate most emphatically the correctness 
the views herewith presented, especially reference future floods. 
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sequence, there would assurance, even the volume flood Mr. Brown. 


could and known, that the trunk would receive and dis- 
charge safely and properly, the discharging capacity the river 
given elevation flood plane, is, and will remain for centuries 
come, absolutely unknown quantity—never the same for two 
seasons succession—due the constant changing bed, and other 
conditions. Hence the successful confining the floods within the 
trunk within the line possibility. 

B.—The high velocity required discharge the large flood volumes, 
confined the main trunk river which flows through new 
formation such that comprising the Mississippi alluvial, would 
such abrade constantly the high banks which Nature built orig- 
inally, and carry them the sea, and thus not only destroy what 
Nature accomplished for the benefit man, but require the recon- 
struction levees, upon lower, newer and less stable ground, which 
would not only increase the cost largely, but increase very largely 
the danger their failure. 

C.—The confining the floods the Mississippi will, time, 
result the decrease the cross-section now existing below the 
natural bank, and, with the same volume discharge, will raise the 
elevation the flood plane. This statement made with the writer’s 
full and positive belief that the increase velocity necessary dis- 
charge the confined flood volumes stream flowing alluvial 
territory, and which tears down banks and builds shoals hereto- 
fore deep pool reach, must, necessity, gradually but surely shoal 
the bottom and foul the sides, thus decreasing the original cross- 
section. This statement and belief substantiated the history 
alluvial rivers older countries, and also examina- 
tion the cross-section the river Carrollton period covering 
seventy years. 

Table No. constructed show that seventy years the cross- 
section below the natural bank Carrollton has decreased. 


TABLE No. 


15.05 5.99 118 000 186 644 0.2 580 186 064 207 
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The discharge data for 1903, when received, will doubt 
furnish very interesting additional information. 

will observed that the cross-section below the flood plane 
1828 was 207 sq. ft. less than 1851; the section 1874 was 13.647 
sq. ft. less than 1828; 1897 was ft. less; and 
1898—normal flood—14.965 sq. ft. less. 

The discharge data for 1896, obtainable, would very interest- 
ing show what scour was occasioned the high velocities 
which velocities, recorded scientific investigation, were 
abrade stratified rock—and somewhat surprising that the high 
velocities the flood 1897 did not recover the section existed 
1828. will also noted that the section below the flood plane 
1828 was, 1898—a year normal flood—2 271 sq. ft. less than 
1897. 

The application Kutter’s formula for the discharge streams 
shows that the floods the Mississippi are not consistent under com- 
parative conditions. The flood 1851, which had cross-section 
186 ft. and aslope 0.125 ft. per mile—by formula—would 
have velocity 6.22 ft. and discharge cu. ft. The 
actual gauging the stream was 5.99 ft. velocity and 000 cu. ft. 
discharge. The flood 1897, when the area was 184 800 sq. ft. and 
the slope 0.156 ft. per mile—by formula—would have velocity 
6.512 ft. discharge cu. ft. The actual gauging, 
however, shows 7.30 ft. velocity and 350 000 cu. ft. discharge. 

D.—Our country, to-day, rich, prosperous and powerful, and 
can, perchance, great exertion, raise the necessary funds construct 
and maintain these very large and expensive levee lines, confine 
the river (but can never accomplished and absolute safety 
assured); but times adversity, which every country may expect 
experience, and funds are lacking maintain them properly, what 
will become this great levee system, which requires constant watch- 
ing, and the annual expenditure large sums money? 
And the levee system, when constructed, were possible, the 
acme success, far confining the flood waters concerned, 
necessity forced neglected, what becomes our rich alluvial 
country 

Works affecting such enormous values, the works protec- 
tion against inundation the floods the Mississippi, must, 
necessity, worthy adoption, such will not confiscate the 
country their construction; and also such will serve reasonably 
well the purpose for which they were constructed, were they, from 
expediency, forced neglected for time. 

time war, the levee system the Mississippi, could 
constructed confine ultimately the flood volumes, would 
national and international importance engine warfare, and its 
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control would contested hotly. 
present ever-abiding menace, for should enemy obtain control, 
for few hours only, any part the territory embracing the 
system, very powerful and readily-operated weapon would 
secured, with great dispatch, effectiveness, and the least pos- 
sible cost, whole country could submerged and devastated, and 
the operations whole army practically stopped. 

F.—The continuation the present system, and the attempt 
confine the flood waters the river, will require the construction, 
the very near future, levees enormous proportions, which will 
very heavy burden the whole country well the 
alluvial territory, and positive lasting good will secured. 
And would appear that, before proceeding further with the under- 
taking, very careful consideration should given the matter, and 
endeavor made secure, possible, some less expensive, more 
satisfactory and efficient method protecting this valuable section, 
also one which will conform better Nature’s laws, and secure 
for posterity all the advantages and benefits possible. 

The problem presented apparently most intricate from every 
point view, and will, perhaps, require most careful and searching 
investigation and study; but the solution should not delayed, 
the settling and improving the territory presents additional 
complication and trouble, and the quicker determine upon the 
proper method adopted, the better for all present and future 
interests. 

apparent, however, that the intricacies the solution the 
problem lie more the detail than the general principle 
system which will accomplish the desired results properly and 
satisfactorily. consideration the topographical conditions 
the territory, conjunction with what reasonable assume 
would Nature’s methods handling the problem, not inter- 
fered with the work man, together with the experiences, data, 
and facts secured during the past seventy-five years, very clear and 
positive general principle descried. 

Referring the topography the territory, will observed 
that the main trunk the Mississippi, from the mouth the Ohio 
Memphis, located the extreme easterly edge the alluvial 
embayment, directly against the high bluff territory former 
geological age, and has general direction almost due south. 
will also observed that, from Memphis, the trunk leaves the 
higher and older territory and runs southwest diagonally across the 
alluvial Arkansas City, when assumes southeasterly direction 
and recrosses the alluvial diagonal from Arkansas City Vicks- 


burg, where again strikes the and older country, the 
extreme east the alluvial. 


the country owning would Mr. Brown. 
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The discharge data for 1903, when received, will doubt 
furnish very interesting additional information. 

will observed that the cross-section below the flood plane 
1828 was 207 sq. ft. less than 1851; the section 1874 was 13.647 
sq. ft. less than 1828; 1897 was ft. less; and 
flood—14.965 sq. ft. less. 

The discharge data for 1896, obtainable, would very interest- 
ing show what scour was occasioned the high velocities 1897— 
which velocities, recorded scientific investigation, were sufficient 
abrade stratified rock—and somewhat surprising that the high 
velocities the flood 1897 did not recover the section existed 
1828. will also noted that the section below the flood plane 
1828 was, 1898—a year normal flood—2 271 sq. ft. less than 
1897. 

The application Kutter’s formula for the discharge streams 
shows that the floods the Mississippi are not consistent under com- 
parative conditions. The flood 1851, which had cross-section 
186 ft. and 0.125 ft. per mile—by formula—would 
have velocity 6.22 ft. and discharge 160 926 cu. ft. The 
actual gauging the stream was 5.99 ft. velocity and 1118 000 cu. ft. 
discharge. The flood 1897, when the area was 184 800 sq. ft. and 
the slope 0.156 ft. per mile—by formula—would have velocity 
6.512 ft. anda discharge 203 417 cu. ft. The actual gauging, 
however, shows 7.30 ft. velocity and 350 000 cu. ft. discharge. 

D.—Our country, to-day, rich, prosperous and powerful, and 
can, perchance, great exertion, raise the necessary construct 
and maintain these very large and expensive levee lines, confine 
the river (but can never accomplished and absolute safety 
assured); but times adversity, which every country may expect 
experience, and funds are lacking maintain them properly, what 
will become this great levee system, which requires constant watch- 
ing, guarding, and the annual expenditure large sums money? 
And the levee system, when constructed, were possible, the 
acme success, far confining the flood waters concerned, 
necessity forced neglected, what becomes our rich alluvial 
country 

Works affecting such enormous values, the works protec- 
tion against inundation the floods the Mississippi, must, 
necessity, worthy adoption, such will not confiscate the 
country their construction; and also such will serve reasonably 
well the purpose for which they were constructed, were they, from 
expediency, forced neglected for time. 

E.—In time war, the levee system the Mississippi, could 
constructed confine ultimately the flood volumes, would 
national and international importance engine warfare, and its 
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present ever-abiding menace, for should enemy obtain control, 
for few hours only, any part the territory embracing the 
system, very powerful and readily-operated weapon would 
secured, with great dispatch, effectiveness, and the least pos- 
sible cost, whole country could submerged and devastated, and 
the operations whole army practically stopped. 

continuation the present system, and the attempt 
confine the flood waters the river, will require the construction, 
the very near future, levees enormous proportions, which will 
very heavy burden the whole country well the 
alluvial territory, and positive lasting good will secured. 
And would appear that, before proceeding further with the under- 
taking, very careful consideration should given the matter, and 
endeavor made secure, possible, some less expensive, more 
satisfactory and efficient method protecting this valuable section, 
also one which will conform better Nature’s laws, and secure 
for posterity all the advantages and benefits possible. 

The problem presented apparently most intricate from every 
point view, and will, perhaps, require most careful and searching 
investigation and study; but the solution should not delayed, 
the settling and improving the territory presents additional 
complication and trouble, and the quicker determine upon the 
proper method adopted, the better for all present and future 
interests. 

apparent, however, that the intricacies the solution the 
problem lie more the detail than the general principle 
system which will accomplish the desired results properly and 
satisfactorily. consideration the topographical conditions 
the territory, conjunction with what reasonable assume 
would Nature’s methods handling the problem, not inter- 
fered with the work man, together with the experiences, data, 
and facts secured during the past seventy-five years, very clear and 
positive general principle descried. 

Referring the topography the territory, will observed 
that the main trunk the Mississippi, from the mouth the Ohio 
Memphis, located the extreme easterly edge the alluvial 
embayment, directly against the high bluff territory former 
geological age, and has general direction almost due south. 
will also observed that, from Memphis, the trunk leaves the 
higher and older territory and runs southwest diagonally across the 
alluvial Arkansas City, when assumes southeasterly direction 
and recrosses the alluvial diagonal from Arkansas City Vicks- 
burg, where again strikes the higher and older country, the 
extreme east the alluvial. 
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From Vicksburg Natchez the river runs southwest; from Natchez 
the mouth the Red River, the direction about due south; and, 
from the mouth the Red River Plaquemine, the direction south- 
west. The trunk the river, from Vicksburg Plaquemine, hugs 
the higher and older country lying the extreme east the alluvial. 
From Plaquemine New Orleans the general direction but little 
south east, and between these points the trunk keeps well the 
north the alluvial territory exists to-day, paralleling the 
southern limits the higher and older territory. From New Orleans 
the sea the general direction southeast, and directly through the 
alluvial. 

will observed that the river hugs the high country the east 
side the alluvial embayment throughout its whole length, from the 
mouth the Ohio near New Orleans, excepting between Memphis 
and Vicksburg, and that the tendency the river throughout 
hug parallel this higher older territory the east. 

The older geological formation the east the alluvial much 
higher and more abrupt, where meets the alluvial, than this older 
territory the west; hence the tributaries entering the trunk from 
the east have sufficient velocity and abrading force cut waterway 
through the alluvial banks the trunk; and the formation the 
older territory has more resistance against abrasion than the alluvial, 
and hence provides waterway more stability. further cause 
due the fact that the sediment alluvial stream which deposits 
and raises the banks and the surrounding country both sides the 
stream will time provide cause for the change the bed trunk 
the stream the abrading and tearing down the banks that 
side the stream which receives tributaries which have sufficient 
power abrade and tear down, as, for the reasons mentioned, the 
tributaries from the east doubt have. 

That former period time the trunk the Mississippi was 
far the west its existing location shown clearly the existence 
the high ridges lying between the western edge the alluvial em- 
bayment and the present trunk, or, perhaps, there were times several 
well-defined trunks. 

The existing topography would indicate clearly that one time 
the Red River discharged into the sea, perhaps, far west Cote 
Blanche Bay; and when consider that the westerly and southerly 
banks the streams—whether one more—which existed previously 
the alluvial territory were subjected less abrasion and wear from 
tributaries than were the easterly and northerly banks, the cause for 
the present location the trunk clearly shown. 

Had the alluvial basin the Mississippi not been inhabited for 
centuries come, and had Nature been allowed finish the work 
her own way, there doubt that eventually there would have been 


7 


DISCUSSION LEVEES MISSISSIPPI RIVER. 711 


two large separate and distinct rivers, extending from about Cape Mr. Brown. 


Girardeau—or from point above the mouth the Ohio—to the sea; 
one directly adjacent the old and high territory the extreme east 
and north the alluvial embayment, which could receive and deliver 
the sea all the waters from the eastern tributaries, and one the 
extreme west the embayment, receiving and discharging all the 
waters from the western tributaries. 

The process the formation these rivers would that the 
trunk now existing would gradually moved, the constant 
abrasion and tearing down deposits the eastern and northern 
banks the tributaries from the east, until occupied position 
directly against the higher, older and more stable formation forming 
the eastern and northern boundary the alluvial; and the trunk, from 
Memphis Vicksburg, would probably pass the neighborhood 


.the present towns Charleston, Greenwood and Yazoo City, the 


State Mississippi; and, from below Baton Rouge, the river would 
flow through Lakes Marapau and Pontchartrain and discharge into 
Mississippi Sound through the territory between the Rigolets and 
Chef-Menteur. 

The length the river this Baton Mis- 
sissippi Sound—tide water—would about miles. From Baton 
Rouge the sea the present trunk 220 miles, 125 miles further 
than the route which Nature doubt proposed adopt ultimately. 

When this eastern main trunk had become permanently located 
directly against the older and more stable formation the east; and 
the west bank the stream had become time sufficiently elevated, 
from the annual deposits alluvial river, exclude the waters 
from the west, these waters from the west would seek and cut 
channel the alluvial the west the main trunk, and begin 
discharge directly the sea, entirely independent the main trunk 
located adjacent the eastern shore the alluvial; and this inde- 
pendent stream, conveying the waters from the west the sea, would 
moved westward gradually until occupied location directly 
adjacent the older lands the western edge the alluvial. 

The process moving this second stream, and the cause, would 
the same that which had moved the trunk the extreme east- 
ern limit the alluvial. The western bank the second stream 
would constantly torn and abraded the waters from the western 
tributaries, and the ultimate delta this second river connecting 
with sea would doubt far west the western limit the 
alluvial Cote Blanche Bay. 

The alluvial territory between these two streams, the time when 
they were ultimately developed, would well filled, and high, with 
lakes and drainage branches and drain directly the sea entirely 
independent the two main rivers. 
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The study the subject, the basis carrying out practically 
the principle adopted Nature, with such modifications will rea- 
sonably meet the conditions the alluvial they now exist, would 
perhaps develop measure which the low swamp regions the 
territory would utilized connecting them, where necessary, 
cutting through the ridges, and thus provide secondary stream 
carry the surplus water direct the sea. 

The high land surrounding these low swamp places could pro- 
tected levees, and this secondary stream could extend from near 
the junction the Ohio the sea, the main trunk the river being 
arranged deliver all flow above certain stage direct into this 
secondary stream. 

Assuming that the future floods will aggregate maximum flow 
500 000 cu. ft. per second, reasonable assume that the main 
trunk will discharge, for century come, without any large addi- 
tional improvement, cu. ft. per second, flood elevation 
not exceeding that 1874. The maximum volume delivered 
this secondary stream would 600 000 cu. ft. per second; and 
this stream were two miles wide, with average depth ft., 
would discharge this volume with velocity about ft. 

This secondary stream, embrace the full area the low swamp 
territory, would have average width largely exceeding two miles, and 
the width through the ridges would made suit the conditions. 

Cross-levees, forming reservoirs, could constructed where 
desired, and outlets from the stream, reservoirs either side, 
could constructed might found expedient. opportunity 
would thus offered for the retention much water might 
desired for industrial and agricultural purposes, and the swamps 
would gradually filled. The volumes retained this secondary 
stream reservoir, and the special reservoirs, would reduce 
materially this maximum aggregate volume 600000 cu. ft. per 
second. 

describe the measure more detail, yet general way, 
suggested provide secondary stream leveeing all the swamp 
territory lying west the existing trunk, and extending from near 
Dog Tooth Bend, above Cairo, point near Helena. This swamp 
embraces the Hatchie Coon sunken lands, Roaring River and St. 
Frances Lake. The secondary stream should connected with the 
river suitable waste weirs, proper proportions, near Dog Tooth 
Bend, and also such other points might found necessary, 
New Madrid and Centennial Lake cross-levees; which latter, 
outlets, would admit filling the extensive low swamp areas em- 
bracing Lake Nicormy, Big Lake and Tyronza Lake, when the adjacent 
high land was protected levees. 

This secondary river should enter the main trunk near Helena. 
From Helena, the secondary stream should continued the east side 
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the main trunk from near Helena near Vicksburg, through the Mr. Brown. 


low swamp lands embracing either the Big Sunflower the Yazoo 
Rivers. The levees embracing these swamps should located 
protect properly all the adjacent high and improved territory. 
From Vicksburg, the secondary stream should continued the 
west side the main trunk, from point near Vicksburg the Red 
River, and would formed the leveeing the large swamp areas 
embracing the Tensas and Black Rivers. 

From the Red River near New Orleans suggested improve 
the trunk the river deliver approximate maximum 
300 000 cu. ft. per second, for use filling the large areas low 
swamp lands east the Lafourche. The waste weir the Red River 
should constructed deliver the surplus into the immense 
swamps bordering the Atchafalaya River. All the high land sur- 
rounding these swamps should properly protected levees, the 
surplus water finding its way the sea over the extensive marsh bor- 
dering Atchafalaya Bay. 

All the high lands bordering the large swamp areas east the 
Lafourche, should properly protected levees, and these swamps 
connected with the main trunk the river suitable waste weir. 

waste weir proper proportions and construction should 
located the east bank the river, near Grand View Reach, and con- 
nected cross-levees with Lake Marapau. 

The object connecting the large swamps east the Lafourche, 
and Lake Marapau, would fill them gradually, 
and course time render them value for cultivation. 

The locations referred the foregoing description are 
merely serve explanatory the proposed system. The determi- 
nation the details, the location relief works, the sec- 
ondary stream, making this secondary stream entirely independ- 
ent the main trunk, instead being connected described, would 
determined the conditions developed from thorough survey 
and investigation the territory. 

The drainage the high and improved territory, under the condi- 
tions resulting from the method protection outlined herein, would, 
necessity, require artificial, which, matter fact, where 
any proper drainage exists, that under existing conditions. 

The effective and economic construction the levees confine the 
waters the swamps and low places, throughout the territory, would 
floating dipper dredges, which, the formation levees, would 
construct proper drainage canals serve the adjacent high and im- 
proved territory, and provide proper and economical service all 
interests. The drainage the territory should designed and oper- 
ated the same authority which controls the protection system, and 
thus made part the protection work. 

The protection the alluvial lands from inundation, system 
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which will relieve the main trunk the excessively high flood 
and accompanying high velocities and other conditions which are det- 
rimental to, and incongruous with, permanent channel location, will 
improve most materially the navigation the stream, and will admit 
some reasonably satisfactory and efficient results being secured 
from the construction works for that purpose. will also admit 
such works being maintained position serve the object for 
which they were constructed. 

The construction the the main trunk the river, 
such lines will admit more uniform cross-section for vol- 
umes than now provided, and the clearing all the batture areas, 
between lines, trees and undergrowth, which interfere with the 
free flow the water, and the maintaining this water section free 
from obstructions, will increase the flood discharge, and also assist 
most materially maintaining permanent channel, which will 
thereby improve the navigation the stream. 

The momentous advantages sought secured are: 

the flood plane; 

2d.—Reduction the dimensions levees; 

3d.—Reduction flood velocities the main trunk; 

4th.—The formation more stable bed for the main trunk, 
thereby avoiding the abrasion the high banks; 

5th.—The reduction the fouling the bottom and sides the 
main trunk; 

6th.—The maintenance reasonably permanent channel, thus 
improving the navigation the stream; 

gradual filling the swamps and low places; 

8th.—The improvement the health the country; 

9th.—The retention all water necessary for industrial and agricul- 
tural purposes; 

10th.—The economy and efficitncy all works constructed for the 
protection the territory, and for the navigation the river; 

11th.—The positive protection all the improved property against 
inundation. 

When the subject the protection lands forced upon 
the civil engineer dire calamity, resulting from the failure pro- 
tection works, attracted its great importance, and even giv- 
ing passing thought the subject, astonished and amazed. 
The consideration the many combinations varied conditions 
existing the vast territory tributary the Mississippi, coupled with 
probable future meteorological and climatic changes, and the con- 
this age, and will bein future ages—or would have been had not 
been inhabited—provides material for deep and causes man, 
even this age great engineering attainments, pause before as- 
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suming responsibility connection with work which will affect 
allfuture ages. Thus the very important question presented: Shall 
the present system, confining all the flood waters one trunk, 
which entails disastrous results all present and future interests, 
continued opposition Nature’s laws; shall our works 
protection modified carry out the design Nature 
reasonable way, thus securing the greatest possible benefit all inter- 
ests this and future ages 


Am. Soc. (by letter).—In early days, 
prior the advent the levee system, the steamboat-man and the 
passenger going down the Mississippi River saw strip 
cultivated land along the immediate banks the river. They did not 
realize that for forty sixty miles beyond that strip the alluvial basin 
was practically uninhabited and its rich soil untilled. 

They saw the fields covered with water during flood times, 
depth perhaps ft., and very limited areas certain localities, 
developed radical changes the regimen the river, were known 
above water except during extraordinary floods. They did not 
appreciate the fact that perhaps five miles farther back the water was 
ft., more, depth; that, without levees control the floods, 
these great interior basins could not inhabited cultivated. 

the meantime systematic levee work began, and, year year, 
the levees are gradually being brought such height will finally 
effectually carry the greatest floods safely the sea. These same men 
notice that the flood water, the battures and the lands between the 
levees, gradually becomes deeper and the levees grow higher, and they 
conclude that the levees can ever made control the floods 
all they will ultimately ‘‘reach the tree tops They 
are fully convinced and most positive their opinion that the increase 
flood height due the raising the river bed. 

the engineer, surprise that there should increase 
the height flood confined between levees from one five miles 
apart over that flood confined only the hills that limit the 
basins with width forty sixty miles. More than that, the engi- 
neer, the beginning the work, computed the heights which the 
maximum confined flood would ultimately reach, and the results have 
shown that his calculations are very near the mark. 

Everyone familiar, even slight degree, with the physical char- 
acteristics the river, has noticed the extraordinary local changes 
that occur brief intervals time. few, however, realize the 
fact that tangible changes the general regimen the river require 
long periods time. 

The belief, among laymen, that there general progressive eleva- 
tion the bed the stream going on, which augmented levees, 
widespread. Statements have been made, those who ought 
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Mr. Ockerson. know better, that the bed the river New Orleans higher than 
the adjacent land, while the fact is, that the bed some 200 ft. below 
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the land. 

former Secretary War, discussing this question with the 
writer, stated that proposed settle the vexing question himself 
the river several places.” Just what intended 
compare the measurements with how proposed eliminate 
the effect purely local changes, does not appear. 

The statement that the Mississippi River Commission had already 
made many thousands such measurements, covering some 425 
miles river, may have had something with the abandonment 
his project. 

Without any preconceived theory prove, and with view 
simply ascertaining the facts the case, the writer prepared 1894 
project for resurvey the river from the mouth the Arkansas 
River Donaldsonville—a distance 425 miles—and this project was 
approved the Mississippi River Commission. 

The general survey had been made, much under the per- 
sonal supervision the writer, some twelve fifteen years prior 
that time. This first survey comprised accurate lines levels, with 
established bench-marks intervals three miles. Each line 
soundings across the river (at frequent intervals), had its water-surface 
elevation determined levels, hence accurate cross-section the 
bed could plotted. Surveys made the later date, referred the 
same bench-marks and the same datum, gave reliable data from which 
determine the difference conditions the two epochs. 

careful comparison the two would, course, disclose any 
general changes considerable magnitude the elevation capacity 
the bed. 

The thousands cross-sections the two surveys were carefully 
plotted, their respective areas measured, and their mean and maxi- 
mum depths determined. Then comparisons were made between 
individual sections and between corresponding groups sections 
comprising successive pools and crossings. All this entailed 
enormous amount painstaking work, and the conclusions are 
follows: 

The crests the low-water bars, well the high-water bars, 
were found lower. About half the total length resurveyed 
showed depression the thalweg, and about equal amount 
showed slight elevation confined chiefly the pools. 

The results reached this investigation are not specific 
might desired, but does not seem possible that such great eleva- 
tions bed would required account for increased 
heights could escape detection. 

Embracing, did, comparison 768 cross-sections the 
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river, together with something like elevations, seems Mr. Ockerson. 


prove beyond reasonable doubt, any such proof really needed, 
that the elevation confined flood the Mississippi not due 
the elevation the bed the river. 

There still more simple proof which should satisfactory 
all, even highly prejudiced against levee system. 

Gauges are established intervals along the river, and are con- 
nected with several permanent bench-marks the immediate vicinity. 
Frequent inspections keep the gauge zeros the same height from 
year year. The readings are taken reliable observers, both 
morning and evening, and continuous record thus maintained 
throughout both high and low waters. 

These records show the most positive way that the low waters 
recent years are several feet lower than those earlier years with 
equal volume flow and with equal channel depths. 

Only one explanation this condition possible. points 
unerringly depression the bed the stream, and should 
effectually set rest any fears that there such thing tangible 
progressive elevation the river bed. 

During the height the flood 1903 the Mississippi River Com- 
mission viewed the river from St. Louis the Gulf Mexico. Any- 
one who could have seen, they did, hundreds miles levee 
intact, the farmers behind them busy plowing and planting, the fruit 
trees bloom, the stock fattening the green herbage, would surely 
have been impressed with the efficacy, the necessity, levees. 

Add this the knowledge that the levee system had served fill 
with thrifty settlers the fertile basin where life without levees would 
impossible, and becomes incomprehensible how anyone can 
oppose the completion the levee system, unless the score 
ignorance the facts the case. 

Contrast the peaceful condition things where levee protection 
exists with the suffering and misery during flood along the unleveed 
portions the river, revealed trip along the river during any 
flood, and argument needed demonstrate the wisdom 
perfected levee system. 

That occasional breaks should occur levees, partially com- 
pleted both height and section, nomeans surprising. They 
are expected, and they may occur under great stress rare 
occasions even completed system. But the area flooded and 
the damage done such occasions will trivial, compared 
that the general flooding the entire basins under the 
system. 

The argument that the floods should permitted fill the basins 
order that the sediment might build them up, ultimately 
reach height above overflow, has substantial facts justify it. 
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were practicable deposit the land all the sediment carried 
the stream, would still take very great number years 
raise the general elevation the 30000 sq. miles basins any 
tangible extent. Then, too, the deposit could never reach the height 
the rare, exceptional floods; and, the doctrine true that the 
bed the river rising, the relative height bed, banks and flood 
would remain the same and overflows would always continue. 

There can reasonable doubt the possibility con- 
structing effective levee system. Far more elements uncertainty 
are involved many engineering problems that have been carried 
successful completion. 

The engineers this progressive age will not falter their con- 
viction that the floods even the mighty Mississippi can effectually 
controlled, and not likely that nation with such great resources 
ours, which has undertaken make the deserts blossom, will 
hesitate contribute generously project which has for its object 
the conversion the vast alluvial basins into fertile fields tilled 
prosperous people, happy and contented homes plenty. 


question asked the levee theory justified experience” the 
Mississippi River? 

This query recurs with each successive high flood, and the river 
enters its solemn and devastating protest breaching its ramparts 
and distributing its surplus where Nature designed deposited. 
this respect, the Mississippi Valley does not differ from any the 
alluvial plains the world, and will found more satisfactory 
study the lessons their experience rather than spend large sums 
experimentation works which, after all, may not accomplish their 
purpose. Some these works the ancients have been existence 
for millenniums, and their magnitude and success have excited the 
admiration all civilized nations. 

Before referring them, however, may well state briefly 
the general operation the physical law which governs the move- 
ment great river its course the sea. 

Celestial and terrestrial gravitation are the upper and the nether 
millstones which grind the fertilizers stored the mountain fastnesses, 
and feed them the hydraulic conveyors transported the 
alluvial plains for their reclamation and enrichment. 

the Divine economy, the rivers appear the agents for the 
extension the habitable regions the earth, means floods. 
this process hydraulic grading and filling, the heavier portions 
the silt are deposited near the banks, that all such rivers are 
found run and drain away into lower swamp lands 
beyond. the human economy, man occupies the batture along the 
river banks, and, protect his property and life, attempts hold 
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back the floods dikes. When this system defence becomes Mr. Haupt. 


general cut off the flood waters from the back lands they must 
cease fill and must remain stagnant, while all the sediment must 
remain the main trunk the drainage system, and, asthe slope and 
velocity grow less approaching the mouth, large portion the 
load lodged permanently the bed the stream. 

state Nature, the river builds its mean and low-water 
bed, and provides for the depositing its surplus mud and water 
the outlying flats bordering the stream. Wherever man has inter- 
rupted this process, without providing for substitute supply 
water and fertilizer, the garden spots the earth have been converted 
into deserts, which case there need for navigable channel 
carry away the products. 

The vital importance the irrigation the bottom lands well 
established the history Egypt, the arrogance whose kings led 
the destruction the reservoirs and canals and the debasing the 


country condition servitude, stated the prophesies 
Ezekiel.* 


and say, Thus saith the Lord God; Behold, against 
thee, Pharaoh king Egypt, the great dragon lieth the midst 
his rivers, which hath said, river mine own, and have made 
for myself. Behold, will bring sword upon thee, and 
cut off man and beast out thee. And the land Egypt shall 
desolate and waste. Behold, will give the land Egypt 
unto Nebuchadrezzar king Babylon; and shall take her multitude, 
and take her spoil, and take her prey; and shall the wages for his 
have therefore delivered him into the hand the mighty one the 
heathen; upon the mountains and all the valleys his branches 
are fallen, and his boughs are broken all the rivers the land; 
the end that none all the trees the waters exalt them- 
selves for their height, neither shoot their top among the thick 
boughs, neither their trees stand their height, all that drink 
water; for they are all delivered unto death; the 
deep for him, and restrained the floods thereof, and the great waters 
were stayed: and caused Lebanon mourn for him, and all the trees 
the field fainted for him. This Pharaoh and all his multi- 
tude, saith the Lord God.” 


Thus, the restraining the floods and the withholding the 
waters were the haughty nations destroyed those heathen kings 
whose hydraulic works had made them pewerful. 

The source Egyptian prowess also beautifully set forth the 
prophet when says: 

The waters made him great, the deep set him high with 
her rivers running round about his plants, and sent out her little rivers 
unto all the trees the field. Therefore his height was exalted above 
all the trees the field, and his boughs were multiplied, and his 
branches became long because the multitude waters, when shot 
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forth. and under his shadow dwelt all great nations. Thus 
was fair his greatness, the length his branches: for his root 
was great waters.” 


this great country ours find the striking paradox one 
the executive departments straining every nerve store and irrigate 
the soil, while another department contending with mighty river 
for its total exclusion, yet both having the same purpose view, 
namely, that the earth may bring forth more abundantly. 

The lessons history teach that the total exclusion the flood 
waters results devastation far greater and more disastrous than the 
temporary damages from the floods, and that the non-irrigated por- 
tions India and China human beings are dying from starvation, 
because the confining the waters. The question not local 
one, and should considered carefully with reference its far-reach- 
ing effects posterity. The system use the Nile during its 
period great prosperity was not the levee system, which excluded 
the river waters from the neighboring farms; but the basin reservoir 
system, which caught and stored the excess waters the floods, and, 
regulating sluices, passed them from one pool another along the 
banks the stream, and finally returned them the trough after their 
beneficent work was done, and without deterioration the navigation 
the river. 

The importance full understanding this experience will 
justify few extracts from the records the early systems 
used the Orient the days the Pharaohs. 

arecent lecture, before the Khedivial Geographical Society, 
Cairo (1903), Sir William Willcocks said: 

The advisability Egypt undertaking these reservoir works with- 
out any loss time has been well brought before letter just 
received from Professor Sayce, which says: ‘As you know, 
facts have convinced that the body water 
the Nile considerably less thau was only 000 years ago, when 
huge boats could navigated the period low Nile; and the 
destruction the great forests Central Africa the inroads 
western civilization will further diminish it. Lake Chad and the 


dried-up lakes connected with are ominous reminders what can 
happen when forests are cleared 


describing the modern system irrigation now 
use Egypt, Sir William sounds note warning, the effect that 
can only survive during times peace, and constant care, while 
the ancient reservoir system was enduring the pyramids, and 
survived neglect. 

says: 


Perennial irrigation hardy plant like basin irrigation, 


needs perpetual and constant attention; typical the structures 


our days, the dams and weirs the Nile, which need unremitting 
toil and observation preserve them from destruction. The basin 
irrigation the ancient Egyptians depended entirely the flood 
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waters the lateral tributaries, the Atbara, the Blue Nile and the Mr. Haupt 


Sobat, which engineering effort could turn out the Nile Valley. 
The perennial irrigation our day chiefly dependent the summer 
supplies the great equatorial lakes and other reservoirs the head 

Under the old Pharaonic system basin irrigation, the Nile flood 
was the Ministry Agriculture, and the Irrigation Department sufficed 
supply all the requirements the country. Under the modern 


perennial irrigation the Irrigation Department does only half 
the work.” 


protection against disastrous inundations, adds: 


Fifty years hence shall find the country protected from high 
floods escapes into the deserts. Such escape could 
constructed for 000 000.” 


The Nile flood will have been maintained level sufficiently high 
allow the utilization the water-power its utmost limits, 
150 000 H.-P. for storing electricity and providing perennial irrigation 
pumpage for other high tracts 000 acres. 

The whole process the successful and safe treatment the 
reclamation works Egypt stated briefly paper prepared for 


the Glasgow International Congress October, 1902, which Sir 
William said: 


cast our view back the dawn Egyptian history, can 
picture the Nile Valley consisting arid plains, sand dunes and 
marshy jungles, with reclaimed enclosures the highest lands. 
Every eight ten years the valley was swept mighty inundation. 
may well imagine with what awe the ancient Egyptians contem- 
plated laying their hands the great river and saying ‘thus far 
and further.’ The seeds future success lay the resolve 
King Menes’ engineers confine their attention one bank the 
river alone. was the left bank the river which history tells 
was first reclaimed. longitudinal dike was run parallel the 
stream, and cross-dikes tied the Lybian hills. Into these basins 
compartments the turbid waters the flood were led natural 
watercourses and artificial canals, and meantime the whole the 
right bank and the trough the river itself were allowed swept 

all probability the first six dynasties contented themselves with 
developing the left bank the Nile. As, however, the population in- 
creased, and with the demand for new lands, became necessary 
reclaim the right bank well. The task now was doubly difficult, 
the river had confined its own trough. This masterful feat 
was performed the Great Pharaohs the 12th dynasty. They 
were too well advised content themselves with repeating the 
right bank what Menes had done the left. suddenly confining 
the river they would have exposed the low-lying nomes Memphis 
and Lower Egypt disastrous inundations. obviate this, they 
widened and deepened the natural channel which led the Fayum 
depression the Lybian hills, and converted into powerful escape 
carry off the excess waters high floods; and successful were 
they their undertakings that the conversion the Fayum depres- 
sion into Lake Moeris was long considered the ancient world one 
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Mr. Haupt. the greatest wonders. They let the flood into the depression when 


was dangerously high and provided for its return the river when 
the inundation had come end. this means they insured the 
lake aguinst being high level during period flood. The 
gigantic dikes entry and exit were only cut times emergency, 
and were reconstructed again expense labor which even 
Pharaoh considered 


Thus the history the Nile confirms the projects which have been 
thus far unsuccessfully urged for the reclamation and navigation 
the great river which drains the most productive section this 
Republic. illustrates the need lateral overflow for fertilization, 
subsidiary reservoirs the banks and tributaries retain the 
excess the floods from the headwaters, restrain those the 
lower tributaries and the enlargement the mouths and outlets 
the delta lower the flood planes the low country and deepen the 
channel for navigation, removing the bars. May not learn 
more from precedents than from experiments, and much less cost? 
The dredging out the obstructing bars the Tyne between New- 
castle and the sea has lowered the flood plane different points from 
ft. 

Let review, however, briefly may be, some the state- 
ments relating the Mississippi, ascertain the facts presented 
the advocates opponents various plans improvement. 

The Mississippi River Commission was created Act Congress 
the year 1879, when the South Pass was opened its mouth. Its 
personnel has changed from time time, but has been composed 
able men having the courage their convictions, who have col- 
lated large amount valuable data the physics and hydraulics 
the river. has modified its methods, the exigencies and 
experience acquired have justified, both locally and generally. has 
tried regulation for low stages, revetments and spurs for holding cav- 
ing banks, levees for floods and reclamation, and finally dredging, for 
navigation, and the results this experience have been summed 
concise form the Report the Senate Committee, submitted 
after the severe flood 1897. This Committee took large amount 
testimony and examined the works carefully, with view deter- 
mine the following points: 

determine the causes the disastrous floods, how they 
may prevented diminished. 

the floods are due deforestation, how may prevented, 
whether reservoirs the headwaters would beneficial. 

Whether such reservoirs could used for irrigation arid 
lands. 

Whether the outlet system practicable expedient. 


Whether the levee system, with jetties protect the banks, 
should continued. 
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What has been the effect the jetties the mouth upon the Mr. Haupt. 
commerce and navigation the river 

Whether the Mississippi and the Missouri River Commissions 
should continued. 

What legislation necessary prevent the enormous destruc- 
tion property floods, and what amount money should 
appropriated for the establishment systematic improvements and 
safeguards. 

The Committee concluded that the destruction timber does not 
tend cause floods, but rather diminish than increase the rain- 
fall. That the five large reservoirs the Upper Mississippi repress, 
some extent, the floods above Lake Pepin, and improve the low- 
water navigation down that point. high reservoir the Missouri 
Great Falls would useful for irrigation, but not for naviga- 
tion floods. The Ohio has adequate reservoir sites. 


only place where reservoir basin can found, proximate 
and sufficiently large afford holding ground all commensurate 
with any material practical relief the St. Francis Basin; but the 
cost constructing and maintaining system reservoirs this 
basin would enormous and far greater than the cost leveeing the 
entire river front the basin. The scheme regarded nearly all 
engineers and other experts wholly impracticable. short, your 
committee can discover just adequate relief reservoirs. 

Neither can discover any material relief from the outlet system. 
not practicable relieve the river means outlets except 
below the Red River. The St. Francis, Yazoo, White and Tensas 
Basins can get relief from any practicable outlet system, and where 
this system exists and feasible there disposition extend 


With reference the levees, the Committee states that their history 
has been one gradual reclamation. Anterior levee construction 
these basins served great natural reservoirs for the floods, which never 
reached the high level nor the increased rapidity obtained since the 
great extension the levee system. are the penning the 
floods the river from these high-water basins, and the stream its 
flood stages becomes higher, necessitating higher and stronger levees. 
The first levees Louisiana were but ft. height, they are now 
ft., and this height proved insufficient the great flood 1897, 
when the flood stage above New Orleans was from ft. higher 
than that any previous flood, notwithstanding that the flood level 
Cairo was less than 1882, 1883 and 1884. This was partly due 
the increase and improvement levees. The experience 1897 
indicates that complete inclosure all the river basins will require 
levees from ft. higher Louisiana. 

The levees the Yazoo Basin, originally only ft. high, were in- 
creased average from ft., prior 1897, which was 
more than ft. above the high water 1882, but proved utterly 


Humphrey’s and report 1861, reservoirs and outlets. 
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Mr. Haupt. insufficient under the flood 1897,” which made plain that the com- 


plete inclosure all the basins would require increase the Yazoo 
levees The same true the White River Basin, 
which was overtopped the flood 1897 many points, rose 
from ft. above any previous flood.* 

The upper and lower Tensas Basins were leveed since 1882 
height about but the water 1897 was from ft. higher 
front these basins, and the levees were insufficient. The higher 
flood was largely due toincreased levee construction. Thecompletion 
the levee system would require the levees the Tensas Basin 
raised the height from 174 ft. 

Work the St. Francis front began 1893. Since that time about 
127 miles have been constructed average height The 
levees proved insufficient for the flood 1897, and several serious 
crevasses occurred. They must made least ft. higher. The 
flood 1897 wrought great havoc. There were twenty-three breaks 
the St. Francis front; six the Yazoo; fourteen the White; four 
the Tensas, and few below the Red which were unimportant. 
(It may well note here that these unimportant breaks, which 
were closed during the pendency the flood, were below the outlet 
via Red River.) 

The Committee concludes that the flood 1897, its effects 
and consequences, was greatly enlarged and aggravated the ex- 
tensive inclosure basins and the extended and enlarged levee con- 
struction which has taken place since then. refers the early 
report 1861, made when levees were their embryonic stage, 
authority for the statement that ‘‘no substantial relief from the 
floods could obtained from reservoirs outlets, and that levees 
properly constructed, would afford the necessary relief and protec- 
Subsequent reports sustained this contention, and, view 
the record and accumulated experience with this system protection, 
somewhat disconcerting find the Committee reaffirming the 

earlier opinions the effect that ‘‘the river can only protected and 
preserved from such floods ample and complete system 
levees from Cairo the head the Passes.” adds, crevasses are 
liable occur long the system incomplete, and was then 
(1897) estimated that could done cost from $18 000 000 
$20 000 000 from four five years. That time has elapsed, and the 
flood 1903 has added its testimony the inefficiency the pro- 
tection works, and shows substantial gain increase depths 
permanency channel. 

few citations from residents and engineers the Mississippi 
may serve reveal the true status the 


add ft. 14-ft. levee doubles its volume and cost, increases its unit pressure, 
length saturation, and hence its danger caving. 


Riparian Lands the Mississippi Tompkins. 
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member Congress from Mississippi says: 


levee system being very much stronger and more extensive 
than ever before, the flood elevation all along the river was greater 
than during any previous floods. This, expected.” 


the other hand, engineer long experience stated: 
Having the St. Francis Basin closed cannot raise the high-water 


line one foot Helena but will doubtless restrain slightly, which 


reduction will continue the shoals are scoured out the restrained 


does not explain how these shoals get out the river’s bed. 

Still another authority states that: 

1882, with the growth the levee system and the gradual 
elimination reservoirs, and contraction the high-water sections, 
the flood plane had risen, each high water, for given volume dis- 
charge, giving greater gauge readings.” 

comparison readings showed that the flood 1897, although 
0.3 ft. lower Cairo, was 5.6 ft. higher Helena; 5.1 ft. higher 
Greenville; 2.0 ft. higher Natchez; 1.7 ft. higher Red River 
(where there outlet); 4.7 ft. higher Baton Rouge, etc., thus 
leaving doubt this instance the increased height due the 
additional contraction the waterway and the lowering the head 
relatively the existence outlet. 

The effects due the later extensions may seen reference 
the unofficial reports the flood March, 1903. 

the 20th that month the gauge Memphis, abreast the 
St. Francis Basin, registered 40.1 ft., and seven days later crevasse 
occurred Hollybury, miles north, which one night lowered 
39.4 ft., compared with 37.7 ft. 1897, the highest previous 
record. 

Greenville, Miss., the water was reported ft. above any 
previous record, and rising the rate half afoot perdiem. 
week later was reported south that place, 
said the worst ever experienced. 

New Orleans, March 28th, was reported 20.2 ft., 
from 0.6 0.7 ft. higher than all former records, but, fortunately, the 
tension was relieved crevasse Hymelia, about miles above 
the city, which was not closed during the flood. 

The record leaves doubt that the levees are extended and 
the flood waters withdrawn from overflow, the stage rises and the dan- 
gers resulting from crevasses still remain menace. The comple- 
tion the system expected establish limit the height 
the embankments, but this expectation based upon the assumption 
that all the sediment carried into the trunk all its tributaries must 
ejected its mouth, the natural deposit over the banks has 
been cut off. this were physical possibility, which 
not, for the reasons previously stated, the rapid extension the delta 
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Mr. Haupt. the enormous deposits would continue retard the discharge and 


raise the flood plane, requiring constant accretions the section all 
along the line prevent overtopping. But this not the only source 
danger expense. The erosive action this great torrent the 
bends, and especially the contractions, incidental the great varia- 
tions cross-section, ever-present source danger, causing cav- 
ing the banks and their superimposed levees, which estimated 
goes the average rate nine acres per annum for each mile be- 
tween Cairo and the mouth the Red River, and this risk increases 
with the height, because the increased head, saturation and dura- 
tion the higher water. asserted engineers experience 
the river that the bed not rising, although they state that the con- 
trary opinion widely prevalent; but, when asked for reason, those 
who believe can give none except, perhaps, ofa fantastic sort.” 
remains for those who deny account for the disposition the large 
accretions fed the river its tributaries when the natural dump 
cut off. This attempted explained the statement, that the 
conditions indicate that ‘‘the alluvial agencies have nearly reached 
state equilibrium, and the further progress the filling-up move- 
ment exceedingly This recognizes, but minimizes, the action 
negligible. 

The revetment caving banks has been tried extensively, but 
now almost abandoned. The testimony the effect that: 


revetment idea first inspired some hope, but was soon seen 
that its cost and want permanency would confine few points. 
was therefore with much satisfaction that saw the dredging and 
portable dike idea introduced.” 


Another engineer writes: 

The absolute failure mattress work protect abrading banks 
has been very thoroughly and positively demonstrated.” 

Another states that: 

use contraction works has been abandoned great 
extent, and the general improvement the river bank protection, 
revetments, spurs, etc., has been postponed until some less expensive 
nels are being maintained dredging during the low-water season. 
The St. Francis and Yazoo are little consequence, except 
that their basins act relief areas reservoirs during high stages 
the river.” 

Such, then, are but few the many statements and opinions 
concerning the experience and results secured this great river, from 
which would appear that the end not yet, and that important 
remedial measures have been brushed aside without the consideration 
which their possibilities demand. 


OUTLETS. 


axiom that the outflow from vessel made equal 
greater than the inflow there can overflow, and yet the applica- 
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tion this simple expedient condemned being injurious, Mr. 


impracticable, too expensive, and the eminent authorities the 
earlier investigations are cited being opposed this method 
relief. important that brief consideration appears 
warranted reference the original sources. 
The injurious effect outlets generally stated arise from: 
escape water from the channel, which, under any circum- 


stances, accompanied reduction velocity below the point 


escape, and which thus creates deposits the channel and dams the 


Another says: 


Outlets will induce shallowing the river and raising the 
bed, and consequently the water line. short, the only one the 
remedies above mentioned that satisfactory those concerned 
that has had any extensive application, the method artificial 
embankments levees.” 

This statement, that the outlet system has had extensive applica- 
tion, would indicate that purely theoretical, although the natural 
outlets amply demonstrate the claims their supporters, will pres- 
ently appear. The Nita 1890, miles above New Orleans, 
cited evidence that the outlet system useless measure 
relief. This merely question interpretation. What were the 
facts? 


This crevasse was 000 ft. wide and ft. deep. discharged 
400 000 cu. ft. per second, the flow, measured just above 
the crevasse. ‘The depression the flood surface immediately below 
was ft. New Orleans was ft. Plaquemine, miles 
above, had effect all.” 


From this instance was concluded that: 

must disappoint the expectations their advocates 
was noted the able pioneers this subject, Generals Humphreys 
and Abbot, who, lacking actual measurements, supported the propo- 
sition very ingenious method indirect proof, which showed 
part, but not completely, the futility outlets means flood 


the contrary, the Nita data prove that the outlet lowered the 
surface the river for least 100 miles, from ft., and saved 
the city New Orleans. That did not lower miles above, 
accounted for the fact that the supply from the higher reaches was 
such maintain the stage which the slope and sinuosities the 
bed for the miles below prevented from voiding. Had not the 
breach occurred, the stage New Orleans would have been least 
higher. was flush with the crest when the crevasse occurred. 
was therefore positive measure relief the entire river below 
the break, and for some distance above, and its injurious effects the 
stream, any, remain discovered. So, with the many other large 
crevasses which have occurred the stretch between the Red River 
outlet and the mouth, where, consequence the many outlets, the 


— 
4 
4 


728 DISCUSSION LEVEES MISSISSIPPI RIVER. [Papers. 


Mr. Haupt. stage more constant than any other section the river below St. 
Louis, and the navigation most satisfactory. 
distinguished member the Mississippi River Commission* 
thus describes this outlet section: 


this portion the river the channel narrow, averaging 
about half mile width, and the depth sometimes exceeds ft. 
Bank erosion slight compared with the reach above, sand bars, 
obstructions navigation, are almost unknown, and neither contrac- 
tion works nor dredging are required. Here Nature has constructed 
ideal channel, with depths all times suflicient for the largest sea- 
going craft. For nearly the entire length (310 miles) the water con- 
fined channel, down the head the passes, there being 
but the entire reach. the upper limit the reach 
low water less than ft. above mean Gulf level, often happens 
that the tidal effect noticeable throughout its entire length. There 
are several outlets through which the waters the river can 
the Gulf Mexico. Some have been closed levees, but others are 
still open. head this reach the Atchafalaya, which the 
first practicable outlet the sea. The extreme oscillation 
stage recorded the present time New Orleans 20.7 ft.” 

Such, then, are the characteristics this outlet section the 
river, with its minimum fluctuations, deepest water, fewest bars, 
least erosion, and best channel, all which may ascribed that 
one feature which all the sections above lack, namely outlets; and yet 
claimed that the outlet propaganda merely fanciful theory, 
not based experience. What would become the country there 
were outlets? This extreme case, true, but every obstacle 
the mouth river contributes some measure dam and 
raise the level reduced slope and velocity. 

With reference the ‘‘claim that actual measurements confirm 
the opinion that outlets must occasion deposits the channel,” 
Humphreys and Abbot say that after careful investigation the 
sections certain crevasses, these claims the They 
also add that extended series measurements was made with 
especial reference testing the assumptions upon which are based 
the conclusions that outlets will raise the mean level the bed the 
Mississippi, and have demonstrated both erroneous.” 

Speaking outlets, they say emphatically: 

The conclusion then inevitable, that, far the river itself 


concerned, they are great utility. Few practical problems admit 
positive solution.” 


They then proceed consider the various channels whereby the 
waters might conveyed the Gulf, and appear have been 
deterred from recommending them because what appeared them, 
that time, the great cost such relief measures, and the local 
injury the rear some low-lying plantations. 
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that the distance between the river and Lake Pontchar- Mr. Haupt. 


train only six miles, and the fall 19.6 ft. high water (1851). 


can doubt that making two levees from the river 
the lake high-water outlet any dimensions can made. Such 
outlet, they say, would utility reducing the height the 
floods for many miles above and below, but its construction would 
followed consequences disastrous 


What these disastrous consequences were, which outweighed the 
benefits reduced floods 1861, are thus set forth: (1) the works 
must difficult and costly; (2) the navigation the lake will 
rapidly destroyed; (3) there danger that the outlet will become 
main branch the river; and (4) the navigation the present mouths 
thus seriously impaired. 

With new and shorter outlet the sea, when the ruling depths 
the delta mouths were wholly inadequate, and with the navigation 
the lake improved the better channel created, difficult 
understand how such works would have proved disastrous 
Louisiana. 

considering the length time required destroy the navigation 
the lake, was assumed that the river discharged volume sedi- 
ment equal mile, deep, each year; and this would 
require 375 years fill the lake, were all deposited it, which 
could not expected. But, even then, does not appear that the 
filling non-productive lake and the reclamation miles 
the most fertile land the globe would such serious disaster 
the State, while the value that land would doubtless pay many 
times over for the cost the works, that the outlet would accom- 
plish precisely what the levees are designed do, namely, reclaim 
more land than would destroy. The lowering the flood plane 
throughout this section would also add largely the available pro- 
ductive territory very simple and expeditious engineering work, 
which has béen urged upon the attention the Government for some 
years past, but apparently purpose. 

After careful review this classic report, the writer unable 
find any other more weighty reasons assigned its writers for the 
conclusion which they reached, that outlets are not advisable.” 
would seem unfortunate for the welfare the country 
whole, and for particular, that this view should have 
become deeply grounded. The river crevasses and the outlets 
to-day tell different story, according some interpreters. out- 
lets are best for the river, and practicable relieve it, not only 
Lake Pontchartrain and Lake Borgne, but other points, rea- 
sonable cost, and reclaim more arable land doing, they 
would seem fully justified and worthy being 

avoid any possible misconception, the writer desires state 
that does not condemn levees auxiliary device assist con- 
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Mr. Haupt, trolling the flood movements, and that outlets, does not mean 


the cutting great natural breaches the dikes, but suitably 
arranged spillways with sills proper elevations above ordinary stages 
and surmounted movable dams, shutters gates, for the regulation 
the discharge. far the practicability these devices con- 
cerned, there can question, the Government has made 
excellent demonstration their efficiency the Kanawha and Upper 
Ohio Rivers and elsewhere. 


RESERVOIRS. 


Still another source relief remains noted briefly. 

the Convention this Society held Old Point Comfort, 
1892, the writer submitted few suggestions these words:* 

would seem practicable provide sufficient number large 
lateral subsiding basins lakes enclosing extensive areas inter- 
vals where the topography admitted economical construction, into 
which the flood waters could escape, and which, the velocity being 
reduced, part the silt would precipitated, while, after 
the passage the crest the flood-wave, the clearer waters from the 
reservoirs would return the river and become useful for navigation. 
short, instead serving the sole purpose maintaining the water 
supply for low stages, they would also reduce the rate 
raising the bed providing lateral dumping grounds outside the 
bed the stream, and would also reduce the flood plane and dangers 
from inundation. There are numerous places the river where, 
making return dikes extending back the bluffs, many square miles 
land, now little value, might utilized for such safety valves 
for the river, with substantial benefit and comparatively small 

The systematic improvement river must treat the problem 
whole, and provide high stages for the rapid emptying its 
basin the outlet, the retardation its filling its tributaries, pro- 
vision for deposition its load and temporary escape its excess 
water along its course; while for the low-water stages for navigation 
the stream must canalized far practicable retain nearly 
uniform velocity.” 


the discussion these suggestions, which followed, was 
stated that: 
not established that general relief found using these 


basins receive and hold back for time the water overflowing into 
them from great 


such basins have ever been created the Mississippi, there 
local experience upon which base this objection, for the 
natural overflow and run-off are not the conditions contemplated, but 
series reservoirs for which the Senate Committee said this reach 
was well adapted, the only objection raised was the cost, which 
thought would greater than that leveeing the entire front the 
basin. But that not the proper basis comparison cost, 
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since the closure the basin not only involves the cost the levees Mr. Haupt. 
along its front, but the elevation and strengthening nearly the 
entire line from Cairo the sea, compared with which the cost the 
reservoir and regulating works would small item. addition 
thereto, there would result definite control floods, slack-water 
navigation for more than 300 miles river, series reservoirs for 
storage and irrigation canals, and the reclamation much arable land 
‘along the banks, all the way down the river. These benefits are suf- 
ficient warrant the construction the system which has been 
fully and carefully described* James Seddon, Am. 
this paper stated that ‘‘a 20-ft. channel, navigable all sea- 
sons, shown feasible, the group professional men best 
qualified judge.” 

The painstaking researches given this all-absorbing question 
one whose life has been spent these studies, entitle them great 
weight, and they reveal the practicability regulating the river 
floods, and the same time providing sufficient channel, 
commend them the earnest attention the Government. 

not reassuring told that when the levees are complete 
the lands behind them will safe from inundations, for only 
necessary look recent experiences other countries which have 
taken refuge long-completed levees. China, for example, 
been officially reported that the Yangtse Kiang had broken out re- 
cently above Nanking, the water reaching the highest stage fifty years. 
The devastation was widespread. Villages, farms, crops 
stock were swept away, and famine stared the people the face. The 
loss life was very great, thousands being drowned, and the natives 
were living the trees. Riots and robberies prevailed result 
suffering from famine. This catastrophe occurred October, 1901. 

another instance, was reported that persons were 
drowned the bursting the levees along the Yellow River, which 
has been appropriately designated because 
the great destruction wrought its floods. 

With reference the present experience Egypt stated that: 


necessity constructing levees exclude the Nile water 
from the cotton-growing fields has rendered the inundations destruc- 


tive, and the speculation seems the whole have injured the wel- 
fare Egypt.” 


But there another feature the levee system which attention 
should directed before dismissing the subject, and that the great 
irregularity cross-section which necessarily introduces con- 
sequence the bends the stream and the character the support- 
ing ground, thus violating one the most important requisites for 
the permanent improvement astream. mere glance the maps 


Paper read before the Western Society Engineers, June 20th, 1900, and reprinted 
the River Valley Association. 
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Mr. Haupt. will serve impress this feature the levees. For example, Mile 


430, below Cairo, the distance across the river between the jetties 
about mile; thirty miles higher about miles. Ten miles 
lower contracts mile. This great irregularity width necessi- 
tates corresponding fluctuations depths high water, with high 
velocities the gorges and deep erosion resulting higher shoals 
and bars the wide reaches, thus building obstacles navigation, 
may illustrated the detention the monitor Arkansas St. 
Genevieve, Mo., during the period the year when the river sup- 
posed navigable for vessels that limited draft. 

many places the building few miles would have saved from 
five ten times many and have given far better alignment. 


bring this many-sided question conclusion, may said 
that outlets and regulating reservoirs basins have not had the con- 
sideration which their many advantages demand for them, but have 
been dismissed theoretical grounds, while the ancient experiences 
success great river regulation, with the result ultimately reclaim- 
ing and protecting more land and rendering more productive than 
system which looks the almost total exclusion that element 
necessary agriculture, water. The levees undoubtedly increase 
height with the extension the system, they overload the banks, 
not prevent caving, not regulate the stream, increase the fluctua- 
tions between high and low stages, instead securing more nearly 
normal discharge, and are themselves very expensive create and 
maintain, being subject the direct attack the flood forces. 

The national prosperity largely dependent upon the maintenance 
the great central basin granary for domestic and foreign sup- 
plies, and hence the question should carefully and fearlessly consid- 
ered solely its merits. believed that this can done great 
advantage the members this Society, and that the topic timely 
and deserving the fullest consideration. 

* * * * * * 

The foregoing discussion was prepared prior the presentation 
the discussions the Convention, and the writer, having read the 
latter since that time, thinks necessary add few supplementary 
deductions. 

From the discussions several members the Mississippi River 
Commission, appears that all are agreed the ends secured, 
namely, the reclamation the fertile lands the Mississippi, but 
that there are honest differences means, well 
interpretation data, which remain reconciled. 
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The Commission’s present plan appears lay stress upon levees Mr. 


the sole means reclamation, with incidental channel improve- 
ment, supplemented dredging, and appears deny the state- 
ments, generally made and believed, that the effect the levees 
would cause the bed the stream rise; while others, and 
among them the writer, having full faith the levees partial 
remedial measure, would supplement them reservoirs, outlets and 
other devices, and prefer take the record thousands years 
elevation bed, that furnished surveys covering only period 
some thirteen fourteen years. However, Tables Nos. and and 
the diagram, Fig. prove anything, would seem that there has 
been loss the low-water mean depth, elevation bed, 


about 6%, and the medium depth from 8%, while the 


full stage Table No. shows loss mean depth 8.9%, notwith- 
standing the increase width each case. They also show losses 
about 3.7% area for both stretches, low water; and 1894 the 
upper section gained 2.7% area medium stage, while the lower 
section the river, from Vicksburg south, lost 0.8% medium 
stage. 

The composite diagram also indicates clearly elevation the 
bottom averaging about ft. (the scale too small for any accuracy) 
low water and enlargement between low and extreme high water, 
which enlargement width does not improve navigation, but repre- 
sents the amount detritus fed the stream the caving banks, 
portion which accounted for the fill the bottom the cross- 
section. The question once arises the disposition this ma- 
terial eroded from the caving banks and (as determined planimeter 
from this small drawing) amounting 8.6% the mean cross-section 
covering 200 miles river. Since there are supposed outlets 
whereby may escape from the stream, there would seem 
alternative but expect deposited its bed carried 
bodily the Gulf; but has never been claimed that the deposit 
the mouth equal the sediment fed the bed tributaries and 
caving banks. the conclusion inevitable that the bed 
whole must rise. This elevation must become more rapid the area 
deposit confined levees. The entire alluvial deposit the 
basin the recorded answer Nature bed elevation, and 
illustrated further the salient spits land which jet out into the 
Gulf support its bed and elevate the waters the stream above the 
general level the Gulf. 

The general facts stated the tables, resulting from the carefully 
conducted surveys made under the direct supervision one the 
most experienced and competent civil engineers that service, reveal 
shoaling the mean depths low-water and medium stages, reduc- 
tion low-water areas, increase width and elevation flood surface 
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with large increase bank erosion between high and low water; 
would therefore seem leave doubt the contention that the. 
bed rising and the flood-plane with it. The latter due more 
especially contraction between levees than bed elevation. 

Table No. also confirms, far such data can, the general ex- 
perience that each successive high flood, approximately equivalent 
volume, has overtopped its predecessor some feet. the flood 
1903, the gauge Cairo was 1.57 ft. lower than the highest previous 
record, while that Greenville, Miss., was 2.35 ft. higher than any 
former record, making difference (other things being equal) 3.92 
ft. height, due levee extension. The same table shows that this 
flood 1903, which was not maximum Cairo, overtopped the 
highest previous flood record all the way from Cottonwood Point 
the Red River, with but two slight exceptions, while the outlet sec- 
tion, below Red River, the surface generally was lower than the 
highest previous records. The profile this flood, which has not yet 
been published, will show some very suggestive fluctuations slope 
and discharge due variations alignment and width between 
levees. 

Already, the menace the vicinity Memphis, caused the 
partial closure the St. Francis front, such call for vigorous 
protests against its extension, since provision has been made for 
relief, and admitted that: 


crevasse the levee the future will bea more serious disaster 
than one the present time, proportion its greater depth and 
discharge, and the greater improvements which have developed under 
its protection.” 


Yet this menace avoidable, and should provided for the 
scheme improvement. 

The standard levees have been revised frequently elevation 
and section, but, unfortunately, not alignment, where the 
greatest benefits are possible. But little attention appears have 
been paid, these discussions, the serious irregularities width 
between levees, causing pools and chutes, with great irregularity 
discharge and slope, bar building and bank caving. 

1897 was estimated that the levee system could completed 
cost $20 000 000 from four five years, yet the present 
discussion stated that this date (1903) only the yardage 
now considered necessary for the safety the plantations below their 
banks place, and that the experience this year makes advis- 
able the provisional standard the vicinity some 
the gauge stations.” 

Conclusions derived from average gauge readings few fixed 
points should have but little weight, since the shifting the bars 
down stream with reference the location the gauges, well 
the variation width between banks, will affect their readings 


q 


materially. The increase width alone, shown Tables Nos. Mr. Haupt. 
and would, itself, account for relatively lower reading the 
gauges, thus vitiating any deductions bed elevation, unless the 
corrections were applied, which does not appear have been done. 

The reference reduction sectional area below crevasses, 
and their enlargement after closure being invariable experi- 
ence, appears disproved the records sections made and 
tabulated Humphreys and Abbot,* well other competent 


authorities, for the special purpose ascertaining the effects such 
outlets. 


The general physical characteristics the stream between the 
Ohio and the Red River are thus briefly described distinguished 
member the Commission. 


The bed the stream through deposits which has built 
and torn down repeatedly. The caving the middle third 
this portion the river reaches enormous proportions. large 
percentage the alluvial banks throughout the reach yields readily 
the eroding power the current, and this erosion amounts 
average about acres per annum for each mile river. places 
the river becomes excessively wide encroaching first one bank 
and then another; again, exceedingly crooked 
the continued erosion the concave bank. 

width the river reaches maximum this reach, the 
high-water banks being sometimes two miles apart. The banks are 
ft. height above low water. Overflows are frequent, except 
where floods are restrained levees. The sandbars are very large 
extent, and wooded islands and towheads are numerous. 

The extreme range stage from lowto high water about ft., 
and the discharge varies from 000 cu. ft. per second low water 
000 000 cu. ft. per second high water 30). 

The destructive floods enter the alluvial basin the upper end 
this reach and sweep its entire length, gathering strength they 
go, and often remain overflow stage for period nearly three 
months. 

The elevation the upper end the reach low water about 
270 ft., and the lower end the elevation about ft. above 

From the foregoing extract appears that this reach character- 
ized great variation width, height and volume discharge, 
caving, long periods saturation levees, insufficient 


depths crossings, limited about ft., and frequent overflows and 
crevasses. 

the levee system extended, augmented volume water 
confined the contracted area, thus increasing the variations stage 
and discharge between high and low water and building the 
crossing bars. Moreover, the general alignment the levees built 
such cause still greater fluctuations flow because the 
variation width, ranging from about toover miles, and creating 


See Chapter VI, Hydraulics the Mississippi River; also Ellet the Ohio and 
Rivers. 


parian Lands the Mississippi Tompkins, New Orleans, 1901. 
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Mr. Haupt.a succession lakes and gorges. The angular trace also opposes 


greater resistance the discharge, reason the salients and 


which also add the length and cost the works, and 


increase the caving. numerous places the construction few 
miles would save from two three times the length and give much 
better flow. These features are illustrated the sketch the Third 


District, Fig. 
LEVEES. 


The levee primarily barrier, erected defend the plantations 
from the encroachments floods. such, its origin was local, con- 


fined the lower elevations along the river and made conform 


the areas protected. These works were built the earlier 
occupants the rich farms, their own cost, subsequently aided 
the Parishes, then Districts, States and finally the General Gov- 
ernment. The disconnected broken lines were enlarged and connected 
the exigencies arose for the continued exclusion the river from 
its natural outlet and dumping grounds, until they have assumed 
magnificent proportions, and yet they are not able cope with the 
constantly increasing height the floods. But the most unfortunate 
feature this mode development has been the absence any gen- 
eral and systematic alignment for the regulation the discharge 
any stage the river. The trace the levees characterized 
series broken, angular segments resembling line military en- 
trenchments designed enable the adjacent enceinte 
enfiladed. Still more objectionable, however, the great inequality 
width between the lines levees opposite banks, between 
one line artificial levees and the natural bluffs, which range from 
about two more than twenty miles, thus converting the bed 
series pools large lakes and chutes. These gorges, being unable 
void the floods rapidly they enter from above, cause the lakes 
fill and overflow, and also produce great irregularities slope, thus 
cutting out the bottom the gorges and filling the lakes, which 
low stages become more difficult navigation, requiring the use 
large hydraulic dredges reopen the channels, which not long 
remain open. 

would apparently afford great relief and better navigation 
the location the levees were revised and the gorges opened set- 
ting the levees back, which could done many instances cost 
which would fully justified, the reduction the total length and 
the benefits both the channel and the farms. 

suggestive that the cane growers Louisiana are now 
advocating the introduction system irrigation increase 
the fertility the lands from which the waters have been excluded 
the levees. This must followed logically system drain- 
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Mr. Haupt. age and pumpage places restore the water the river, running 


the higher level. Fig. will show the defects the levee trace, 
exists to-day. 


EXPERIMENTS DETERMINE THE INFLUENCE CHANNELS 
THEIR DiscHARGE APPLICABLE LARGE 


experiments are submitted merely the nature 
suggestions, since the apparatus necessarily crude 
eliminate all refinements looking very accurate results, and, even 
they were possible, the conditions available would not resemble those 
Nature. 

type, section the Mississippi River was taken, covering the 
Third Engineering District, extending from the White the Yazoo 
Rivers, the length being 213 miles the river 113 air line. 
Four tubes were taken represent: (1) the actual length the 
stream, following its convolutions low water; (2) the same devel- 
oped line; (3) the river high water along the axis 
the levees; and (4) the same developed. 

The two low-water tubes were each ins. long, and had diameter 
The high-water tubes were ins. long, and had diameter 
mm., which gave the straight tubes relative capacity 
1:13.77. This was checked filling given vessel siphoning 
through the tubes, under constant head, which gave the relative 
times observed the nearest second, from mean several tests, 

Experiments.—1. was found that the receiver was filled the 
large tube 282 seconds, which, being divided the relative capacity, 
13.77, gives 20.44 seconds for the time required fill the vessel 
means the tube. The actual time, recorded 
watch beating seconds, was seconds, close confirmation. 

The low-water straight and bent tubes were then compared 
similar manner passing current through them and filling the 
receiver. was found that while the time required the straight 
tube was 282 seconds that the bent tube was 1665 seconds, or, 
other words, the distortions and bends the path retarded the flow 
5.9 fold. 

While the large straight tube required seconds fill the 
receiver, the corresponding bent tube took seconds, two and 
quarter times long. 

The large tubes were then filled and allowed empty them- 
selves by. gravity. The straight one discharged itself less than one 
second, while the expanded one required seconds, due variations 
cross-section and interferences caused thereby. 

these experiments appears that the capacity 


. 
q 
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discharge the convoluted, low-water conduit but its Mr. Haupt. 
rectified length, and that the distended high-water channel but 
44% its developed length, thus illustrating clearly the importance 
channel rectification facilitate the rapid discharge floods. 
state nature the river seems almost endowed with rea- 
son, its nice adjustment the demands made upon it, shortening 
its length, increasing its slope, opening its mouths, and, the flood 
comes too rapidly, overtopping its banks and depositing its load 
the bayous; or, low stages, falling back into its serpentine bed, 
with increased length, retarded discharge and better navigation. 
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For 


possible make Concrete which will Impervious Water 
so, what the best method 


Oscar Lowinson, Epwarp CUNNINGHAM 
and 


attack this subject, the outlines the field covered have not 
been very thoroughly 

course known that there great difference between the 
porosity and permeability mortar, though great many minds 
these two subjects are considered the same. known that, 


‘as engineering question, the permeability mortar serious 


one, and the porosity mortar only interesting from scientific 
standpoint. 

the question mortars and the subject permeability, the 
most learned writer Feret, Chief the Boulogne Laboratory 
the Ponts Chaussées, well-known expert the French Government. 
his work this subject,+ which has not been translated, Mr. Feret 


The discussion this subject, for which formal paper was presented, printed 
Proceedings order that the views expressed may brought before all members 
for further discussion. (See Rules for Publication, Proceedings, Vol. XXV, 
71. 
Communications this subject received prior September 25th, 1903, will pub- 
lished subsequently. 

Capacité des Mortiers published the Annales des Ponts 
Chaussées, July, 1892. 
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gives the results series experiments begun him 1887, and Mr. Lesley. 


pursued without interruption for period nearly five years. 
gives the results his experiments, embracing the most complicated 
tables and figures, covering all some two hundred pages press 
matter, and arrives number conclusions which, general, may 


The strength mortars made ordinary public works increases 

proportion the amount lime cement therein. 

The strength increases generally the beginning the harden- 

ing proportion the size the sand elements. 

Mortars made with mixture sand containing large and small 
particles, present practically the same advantages those 
where sands large particles are used exclusively, and 
should preferred the 

The porosity cement mortars varies very greatly. dimin- 
ishes the proportion cement increases. much 
greater when the sand finer. 


bo 


on 


The permeability mortars diminishes the proportion 
cement increased; but, reversing the conditions applying 
porosity, permeability increases according the size 
the sand grains. Mortars made with sand composed dif- 
ferent sized particles which themselves have porosity, 
also very slight permeability. 


The permeability mortars submitted continuous filtration 
fresh water sea-water diminishes rapidly with time. 

recommended mix mortars good consistency adding 
too large rather than too small quantity 

Coming more definitely the question the sub-heads per- 


meability and porosity, states, under the head porosity, the fol- 
lowing the conclusion his experiments: 


That all mortars are porous when submerged water, and the 
absorbed water will conform quite the total volume the 
calculated voids; that, however, there very great distinction be- 
tween the permeability mortars, that is, the property they have 
permitting percolation more less water, and their porosity, that 
say, the quantity water they will absorb when immersed, the 
latter which, already stated, about equal the total volume 
the voids. general, the most porous mortars are the least per- 
meable, and the reverse applies permeable 

experiments showed that with coarse sand, the porosity 
diminishes, and increases the sand fine.” 


the question permeability, Mr. Feret devotes many pages 


his book, and has many experiments most interesting character. 
finds that: 


Permeability quite different subject from porosity, and the 
effect the passage water may said free small particles 
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the lime cement and bring them the surface where they produce 
fine stalactites, according the freshness the 
mortar. These efflorescences tend solidify the mortar and form 
exterior coating. Tables are given illustrate experiment the 
effect this water passing through the permeable mass, which demon- 
strates that when water forced through mass mortar, stonework 
concrete, allowed through, the fact that large amounts 
through once does not indicate any lack value the 
mortar, because the first hour may show considerable quantity 
water going through, carrying lime particles which close the pores, 
and the process kept up, each hour shows diminished volume 

page his book, reference the valuation the per- 
meability the same mortar, there table showing the lessening 
permeability, after series experiments beginning one hour 
and covering week, the end which time there was practically 
water coming through. This was due the fact that the pores were 
obstructed the carbonates lime which result from the attack 
the cement the lime-carrying water passing through it, and its sub- 
sequent exposure the atmosphere. 

general rule, observed that this lessening the perme- 
ability the mortar just much more rapid the filtration 
through the mass more abundant. reference this would 
appear that where, after long drying, mortar subjected water 
and there great quantity pouring through immediately, this the 
best indication that the mortar ultimately will absolutely imper- 
meable water. 

page 99, Feret’s book, referring this subject, quotation 
made, from paper* Durand-Claye, which confirms these experi- 
ments and the principle that, for each class mortar and 
sand, there definite dose water which corresponds the maximum 
compactness and the minimum the permeability the mortar. 

another series tables, page 100, with various proportions 
water, shown that conditions govern largely the question 
permeability, and also confirms the theory that the ratio the per- 
meability increases the quantity water increases. The permeability 
also depends upon the proportion water, stated above; and 
page 101, there table showing that, the end reasonable 
period, mortars made varying proportions water show about the 
same filtration, though the beginning the experiment there was 
material difference the quantity water that percolated through 
them. 

another full series tables, giving results with various sands, 
demonstrated clearly that the permeability rapidly increased 
when the larger sizes sand are used, while, the other hand, de- 
composition more active with mortars made with sand; and, 


Annales des Ponts Chaussées, Series Vol. 15, 816, May, 1888. 
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summing the subject permeability, Mr. Feret comes the fol- Mr. Lesley. 


lowing conclusions: 


all mortars granulometric composition, the most per- 
meable are those which contain the least quantity cement. 

all mortars the same richness, but varying granulometric 
composition, those which contain very few fine grains are much more 
permeable. They are the more where, with equal proportions 
the fine grains, the coarse grains predominate more relation the 
grains medium size. 

minimum permeability found mortars where tbe pro- 
portion medium size grains small, and the coarse and fine grains 


are about equal each other.” 


series experiments determine the permeability cements and 
cement mortars was made, and these experiments were with both 
Portland and natural cements, neat and with varying proportions 
water. They demonstrated very clearly that neat cements under press- 
ures 75, 100 and 200 lbs. per square inch, made short 6-in. 
cylinders, ins. diameter, showed practically permeability 
water days, and only the case three the samples days. 
With sand, however, the permeability increased the percentages 
sand were increased, the mixtures 1:1 giving much better results 
than the 2:1 samples. 


The conclusions which the writers drew from their experiments 
were: 


results show that all cements are not permeable water, 
least for thicknesses not less than while the mortars are all 
permeable; the amount increases with the pressure and decreases with 
age specimen, but not direct ratio.” 

Comparisons are made these writers between the permeability 
cement and brick; and, referring results the Vanne Aqueduct, 
France, they show that conduit béton-aggloméré, composed 
sand and cement, showed practically complete impermeability. 

Considerable attention was given this subject the Italian 
engineers charge the harbor works Genoa, Italy, and many 
experiments were made determine the porosity and permeability 
mortars. were that: 

porosity mortars depends upon the existence voids 
three kinds: first, those existing between the grains sand poz- 
zuolana and not completely filled the cement lime; second, those 
due the air which adheres the surfaces the grains; and third, 
those left the evaporation the water used the 

These three classes voids were thoroughly investigated and dis- 
Theconclusions arrived were: That cement mortars are less 
porous than those made hydraulic lime and sand ordinary lime 
and pozzuolana; that cement mortars made with coarse sand are less 


Journal the Franklin Institute, Philadelphia, September, 1889. 


q 
“4 
by 


Mr. Lesley. 


744 DISCUSSION IMPERVIOUS CONCRETE. [Papers. 


porous than those made with fine sand; that neat cement mortars are 
more porous than those made with sand; and that the proportions be- 
tween the voids and the apparent volume the mortar may vary from 

Paradoxical may seem, comfirming Feret’s experience, how- 
ever, the experiments showed that the permeability mortars, far 
from being consequence their porosity, fact almost inversely 
proportional it. The exhaustive experiments made this connec- 
tion showed: That with the same proportions cement, mortars made 
with fine sand are less permeable than those made with coarse sand; 
that, with the same quality sand, permeability decreases the 
proportion cement increases; that mortar made with neat cement 
the all; that concrete made with 700 lbs. Port- 
land cement, cu. yd. mixed sand, and cu. yds. small gravel, 
and moulded the shape hollow with shell ins. 
thick; was impermeable under head water ft., while mortar 
made with the same amount cement and sand, but without gravel, 
and moulded the same way, was somewhat permeable. Under 
head water ft., the concrete was barely permeable, while the 
mortar cement and sand was very easily permeated. Concrete made 
with 150 lbs. Portland cement, cu. yd. mixed sand, and 
cu. yds. small gravel, mixed very accurately with the quantity 
water strictly necessary work (say cu. yd. water), was im- 
permeable under head ft. 

The effect exposure wave action, the labor required the 
construction different kinds masonry, and the adhesion mortar 
different materials, were also studied carefully these experi- 
ments. 

and True, The Permeability Concrete under High Water 
Pressures,” which was presented before the Thayer School Civil 
Engineering 1902, covering experiments made January March, 
1902. many cases these experiments were made under conditions 
quite similar those Messrs. Hyde and Smith, the 
apparatus being the same general character, and the pressures being 
20, and lbs. per square inch, the time the test lasting two 
hours. Two brands Portland cement were used, and mortars 
were made. The conclusions drawn from 
the experiments are follows: 

the tables will seen that several the mixtures were 
practically impermeable water the pressures which had our 
disposal, nearly from per square inch. 

All the specimens composed mortar the proportion 
30, 35, and 45% the whole mass were impermeable. Some the 


specimens composed mortar the proportions and 45% 
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All others leaked the high pressure, and general way may Mr. Lesley. 


said shown degree imperviousness direct proportion 
the proportion mortar them, with the lower pressures, well 
with lbs. However, the object was secure impermeable 
product, the greatest attention was devoted those mixtures which 
withstood the high pressure. 

the tests has been assumed that the amounf evaporation 
was the same all cases, the time was the same all the tests, and 
the temperature practically constant. But, thesame time, must 
granted that there will probably some error, owing the different 
consistency the specimens and other unavoidable irregularities. 

account this, not well, drawing conclusions, lay 
much stress the amount water absorbed during the test 
affecting the quality the concrete question; that say, when 
the amount water absorbed was only few grams and the specimen 
showed sign leaking. fact, leaving the specimens under 
pressure for hours, was found that almost every case the spec- 
imen was lighter after the test than before, evidently owing evap- 
oration. 

The temperature the room was about 50° Fahr.. and remained 
nearly constant, and the air was far from dry, there being several tanks 
water the room continually. 

results show decided advantage for the specimens made 
from cement No. both regards the amount water absorbed 
during the test and ability withstand the highest pressure without 
sign leakage. appears also more plainly from the fact that 
cement No. was procured the open market, while cement No. 
was sent the manufacturers, who knew the object its use. 
However, No. was said more than two years old, and thus 
might not have been first-rate sample. 

The specimens which showed leak hours were left under 
pressure for hours, and the end that time leak appeared 
any case 

184 ft., and the thickness the concrete was only ins., per- 
fectly safe conclude that concrete the proportions any the 
specimens which did not leak under lbs. pressure would prac- 
tically impermeable under any conditions ordinarily found prac- 
tice. 


the various mixtures, may safely choose either 
account their simplicity and the ease with which they 
may proportioned, either for hand machine mixing. extreme 
cases, however, might advisable use one the richer mixt- 
ures.” 

far these general experiments the question the per- 
meability mortars show, they indicate conclusively that neat cement 
mortars show the least permeability, and that mortars with fine sand 
are less permeable than mortars with coarse sand, and that the lessen- 
ing the permeability due the closing the pores lime 
suspension, which carried through the process filtration through 
the mass, which ultimately forms coating the face the masonry. 

This state facts was shown rather clearly experiments the 
late Alphonse Fteley, Past-President Am. Soc. E., former Chief 
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Mr. Lesley. Engineer, New York Aqueduct. order make some his masonry 


the New York prepareda lime and cement 
wash with which the surface the masonry was painted and which 
closed the exterior pores the cement and made the work practically 
impermeable. 

practical illustration Feret’s experiments was shown the case 
large concrete tunnel which was built Hartford, Conn., where, 
after the construction, large amount efflorescence and small sta- 
lactites and stalagmites showed the surface. Attention was called 
this fault and defect the masonry, but was allowed 
remain untouched, and the tunnel, though built ina particularly damp 
place, proved absolutely impermeable water. 

The basis all these various substances which suggested 
add mortars seems alum, fully much not more than soap. 
Alum has already been added the making hard plaster, and the 
material made known Parian cement, which used the manu- 
facture artificial marble and work that kind, the addition the 
alum forming aluminated sulphates lime. Beds natural Parian 
cement, might called, have been discovered Kansas, where 
silicated and aluminated sulphates found. These substances 
are water-proof, which they differ from the ordinary plasters made 
sulphate lime alone. 

would seem that possibly cement that kind might very 
finely ground and might used for water-proofing impermeable mor- 
tars without into mortars, soaps, alum other substances, 
the chemical results which are not thoroughly known their bear- 
ing upon the duration the mortar. would certainly fatal 
thing add excess alumina the ordinary cement mortar where 
that with these possible dangers, any change the chemical consti- 
tuents the cement the addition new chemicals, the results 
which are not known, subject that ought considered very 
carefully. 

The fineness the cement seems very important feature 
forming coating prevent permeability. known, from the 
examination briquettes which have been kept pans with water 
running through, that early stages the briquettes when broken, even 
the neat ones, show considerable water through the entire mass; but, 
the sand briquettes, the larger the admixture sand, the larger the 
water. Now, when briquettes neat cement are kept 
from month month and from year year, and are examined and 

broken, found that the early stages there small core dry 
material which forms the center the briquette—a small whitish- 
looking core which absolutely dry—and those neat briquettes are 


This part Mr. discussion was added after hearing the remarks Messrs. 
Croes, Green, Lowinson, Cunningham and Hatt. 
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that that drying out hardening from the center has continued and 
come out the surface, while from the surface inward there seems 
hardly any percolation water whatever. This notthe case with 
the sand briquettes. the contrary, the core formed much more 
slowly and takes much longer coming the surface. Thus, from 
this practical experiment may noticed—not under heads 
water, but right under the ordinary flowing the stream—that cement 
seems take care itself, far permeability concerned, and 
largely proportion the fine grinding the cement and the char- 
acter the coat that formed the outside repel the 
water; and the core that forms the inside largely dependent 
the quality and the character sand used. 

The speaker’s theory and conclusions, based upon all that has been 
discovered, and especially upon Feret’s remarkable experiments, would 
seem indicate that the best addition cement mortars for the pur- 
pose making them impermeable, according the theory 
exterior coating lime carried through the mass during filtration, 
would add the concrete, the time mixing, reasonable pro- 
portion hydrate lime, or, other words the ordinary slaked lime 
commerce. This slaked lime, has been shown experiments 
the late Professor Smedt, formerly the Laboratory the District 
Columbia, does not injure cements mortars; does not cause expan- 
sion; and does not decrease their strength, though retarding their 
setting slightly. Such addition would perfectly safe, mat- 
ter practice, and would form the mass substance which would 
carried filtration and close the pores, form sta- 
lactites and stalagmites the surface, and, the speaker’s judgment, 
though knows experiments the subject, would aid largely 


making mortars impermeable. Experiments this line would 
most valuable. 


James Past-President, Am. Soc. E.—The proposi- Mr. Croes. 


tion for discussion whether possible make concrete which 
will impervious water. This very different thing from 
making existing mass concrete impenetrable water. The 
latter requires only the application impenetrable coating the 
surface the mass. The former requires the entire interior composi- 
tion the mass such that water will not percolate through 
any point. 

That mass concrete can made which will entirely 
impervious water, incontrovertible. The question is, whether, 
practice, number such small masses can united such 
manner that the joints between them will impermeable, also. 
Theoretically, there doubt that they can. Practically, the 
culty securing proper manipulation the materials, reason- 


kept for longer periods, and four, five six years, found Mr. Lesley. 
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able cost, and hoped that the discussion the subject here 
will elicit descriptions methods used various practitioners 
constructing large masses concrete, and statements the results 
obtained, both efficacy the means used and the expenditure 
required produce certain results. 

But the mechanical combinations and the manipulation the 
materials required reduce the void spaces mass fragments 
materials minimum and thus prevent the percolation 
water, are not the only points considered. Chemical changes 
take place materials thus compounded, and, late years, studies 
have been made the action produced the introduction other 
substances than stone, sand and water, into the composition the 
mass which made impervious, producing chemical action 
which reduces the porosity the mass. Itis hoped that anyone 
who has taken part investigations this kind will contribute 
this discussion. 

Mr. Cunningham’s communication refers application the 
Sylvester process, which was invented about sixty years ago and was 
used with success the exterior buildings. was applied 
the gate-houses the Croton Reservoir Central Park, New York 
City, and the this Society. That was 
wash soap and alum applied the surface brick wall pre- 
vent the percolation water through that wall. the case men- 
tioned Mr. Cunningham the experimenter mixed all his materials 
together, that is, the soap, the water and the alum were put con- 
stituent parts the mortar itself, and the chemical action, which 
the case the wash occurred only the exterior the wall, was 
made applicable the whole interior. 

the case the cellar mentioned Mr. Lowinson, impervi- 
ous material was placed between the layers concrete. not 
making concrete impervious water, but was simply keeping the 
water away from the concrete. 

The question is, can the concrete itself made impervious, and 
seems the speaker that the experiment mentioned Mr. Cunning- 
ham most interesting one, and one which capable further 
amplification. That is, producing the chemical change the con- 
stituents, that when they are all mixed and placed together, the 
water will not penetrate them. Chemical action takes place the whole 
the wall, and, somehow other, the pores are filled the 
addition thesoap and alum. 

Now, can not make concrete which contains some materials 
which will act together chemically? The composition concrete 
purely, almost entirely, mechanical. Can some substance intro- 
duced into the concrete which chemical change will take place, 


Transactions, Am. Soc. E., Vol. 
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which will make that concrete thoroughly impervious water? This Mr. Croes. 
experiment indicates that such can done. 

Although masonry impermeable water, crack may occur 
the same concrete. desired make the concrete itself, 
the mass, impermeable water, but cracks cannot prevented 
from occurring account unequal settlement, without very great 
care construction. What amaterial which, when made 
large mass, will impermeable water, provided does not 
crack from unequal settlement, expansion and contraction. 
wall either material will impermeable, but crack occurs, the 
water will through it. 


Am. Soc. E.—In building ordinary concrete Mr. Schaub, 
cistern hold water, all that necessary make the concrete im- 
pervious wash the walls inside with grout. Usually two coats 
neat cement grout are sufficient for this purpose. This coating the 
inside will hold the water the cistern, but not impervious 
water from the outside. order make cistern impervious 
water, inside and outside, would necessary wash both sides, 
possible, with grout. This exactly what should expected; the 
fine particles cement closing the pores the concrete, 
the caulking the seams water-tank boiler. order make 
tank hold water necessary caulk the seams from the inside; 
and, order make impervious water from the outside 
necessary caulk the seams from the outside. The above applies 
concrete when the water pressure does not exceed head of, say, ft. 
For pressures greater than that, the wash grout does not suffice, and, 
addition, the speaker has used asphalt, applied hot, with mop, 
until coat, in. thick, covers the grout, and the results have been 
entirely satisfactory. what extent this can carried, the speaker 
not prepared say, but believes that coating asphalt in. 
thick, addition the grout, sufficient for water pressure 
ft., and has recently specified this coating for this pressure. 

When the face the wall waterproofed accessible, 
simple matter apply the washes grout and hot 
however, the face not accessible, the speaker knows method 
used make that face impervious water, excepting build 
the wall two parts, and fill the core hollow space between the 
walls with asphalt. This method was used successfully St. Louis, 
several years ago, stopping leaks conduit, after every other 
method had failed. sure, coating asphalt not permanent, 
but nothing permanent this world, and coating this kind, 
where exposed the direct action water, will have renewed 
about every ten years, the water acting the asphalt solvent, 
does everything else. Where the asphalt used fill the 
cores wall, will probably last long the wall. 
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case the concrete reinforced with steel, becomes almost 
necessary make the concrete impervious water, for has been 
shown,* Breuillé, French engineer, that chemical union 
takes place, between the metal and the cement, forming the silicate 
iron, which soluble water. When this salt has been dissolved, 
the bond between the metal and the concrete destroyed, and there- 
fore the combination the concrete and steel longer steel-con- 
crete, but conglomerate two substances which have nothing 
common, excepting, perhaps. their coefficient linear expansion. 
Breuillé has also shown that, where concrete has been protected 
means asphalt covering, this union bond between the concrete 
and the steel has not been destroyed the water. The 
conclusion drawn, is, that the concrete should have coat 
asphalt, some other form waterproofing, order make 
impervious water. 

The speaker would suggest that this question, together with the 
entire matter steel-concrete, referred Special Committee 
this Society. 


Green, Am. Soc. E.—The question appears 
simple. course, stands reason that any concrete water- 
tight must nearly solid—the interstices the component ma- 
terials aggregates well filled—that there shall exist the mass 
interstices connected porosity, through which water can find its 
way from one side the other. Most stones are permeable water. 
This indicated the tendency some cements 
stain stones that are embedded backed with them, and 
the earth stains found greater less depth exposed rocks nature. 
Building sand consists very small stones. Even pure cement, after 
becoming indurated set, will also soak water somewhat, especially 
not ground extreme fineness. 

If, therefore, the materials which concrete composed are per- 
meable water, the concrete itself must so, even well madeas 
free from porosity spaces between the stones, particles 
sand, But, while water will soak through these materials, 
known that its progress very slow, slow that under slight 
heads water thick and carefully built concrete walls will keep 
quite dry the outside exposed drying air, the water evaporat- 
ing fast reaches the surface. This seems the whole 
story. 

would very easy determine experiment the coefficient 
soakage pure cement for different thicknesses wall and 
different heads water, and the same for cement mortar with good 
quartz sand. 


The speaker firmly believes that cement concrete can made 


Annales des Ponts Chaussées. 
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water-tight wall, but not absolutely moisture-proof, with- Mr. Green. 


out the application insertion coating core some perfectly 
impervious material like asphalt. 


Oscar Assoc. Am. Soc. E.—About four years ago Mr. Lowinson. 


the speaker had experience, recalled the remarks Mr. Green, 
reference the means which concrete can made water-tight. 
tried build cellar South New York City, which 
was made impervious water against head about The 
building located about 100 ft. from the dock line the river. The 
intention was put damp-course properly prepared bed 
ins. concrete; this course water-proof, and top the 
damp-course ins. concrete, this having been computed suf- 
ficient strength resist the upward pressure the water. The cellar 
was about ft. The theory was that the damp-course 
were not punctured, the only work the upper layer concrete would 
have would act medium resist the hydraulic pressure; 
however, lest leak might occur the damp-course, this top layer 
concrete was made most carefully, having been the speaker’s 
opinion that the concrete would keep the water out. The 
speaker was present during the greater part the time when this con- 
crete was being mixed. The job was done continuously, and, that 
manner, unfinished edge was permitted set. Some six weeks 
after the completion the job sweat appeared the lowest part 
the cellar, which had been graded permit case 
water might gather. the end another week several pailfuls 
water had gathered, and, from that time on, the water found its way 
into the cellar the rate pailful day. There was 
question but that the water-proofing had been punctured, and also 
that the water had found its way over the concrete, but what surprised 
the speaker and caused him conclude that his ideas the imper- 
viousness any concrete required revision was, that when went 
trace the source the stream the puncture was found ft. from 
where the dampness appeared upon the surface. Several attempts 
were made repair this leak, but with success, and the whole was 
finally removed, with the exception the bottom layer, which had 
served bed for the water-proofing. 

This cellar was made over twice again with the same result, costing. 
the contractor more than five times the amount his contract. The 
cellar was built finally different way. the water-proof 
layer, layer brick bituminous mortar was placed, and ins. 
concrete placed top the brick. This was successful, and the 
cellar perfectly tight to-day. The concrete used for the layer was 
composed part Saylor’s Portland cement, parts Cow Bay sand 
and parts small broken stone. The speaker believes that the stone 
was not greater than diameter. Then there was 2-in. cream 
Portland cement and sand floated on, for finished surface. The 
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was mixed to-a consistency that caused sweat when 
thoroughly rammed. 

The concrete was mixed follows: The sand and cement were first 
mixed and wet, the wet broken stone was put top, the whole turned 
three times and the entire batch place within thirty minutes 
from the time mixing began. 

Some the remarks made reference this subject bring the 
speaker’s mind paper which heard read last spring, Mr. Maxi- 
milian Toch, meeting the New York Section the Society 
Chemical Industry, the preservation materials construction, 
which was propounded theory which interested the speaker 
that suggested Mr. Toch that like paper read before the 
American Society Civil Engineers would productive consider- 
able discussion and most likely lead valuable results. 

The theory advanced him was this: thin layer very fine 
cement, entirely free from all the elements that cause aid oxida- 
tion disintegration, can applied that will change the initial 
condition the surface exposed dampness, that, instead being 
porous, exerting capillary action, the effect upon the moisture 
water would besimilar the action oil water, 
instead attractive, influence. Mr. Toch the prepa- 
ration this paper Clifford Richardson, Assoc. Am. E., 
and the results that they had attained made the speaker believe that 
the theory was quite plausible. 

The matter referred interests the speaker his building work, 
and has used this material since cement wash the surface 
building New York has now been place some three 
months, and, far, appears have kept out the moisture where, 
before that time, dampness had penetrated. differs from the ordi- 
nary cement wash that sets almost immediately, does not flake, 
and not washed off the rain. 

There possibility that concrete can made impervious 
water dampness application this kind, and this matter 
worthy the best study that can applied order make 
impervious, would necessary apply this wash both 
surfaces the concrete. 


Mr. Cunning- (by letter).—The writer recently made 


some tests for water-proofing mortar, which, though crude, were entirely 
satisfactory. 

Using the materials hand, two vessels, having internal diam- 
eter 11} ins. and outer diameter ins., and about ins. deep, 
were made the following manner: sheet chicken was 
rolled and wrapped with wrapping paper. This was placed 
board and filled with sand, making heavy core. split 12-in. terra 
cotta side-collector pipe was used for outer shell and placed about 
the core, leaving space approximately in. between the core and 
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the pipe. This space was then with rather wet mortar, which Mr. 


was worked down with thin narrow sticks. When 
filled the top, bottom was formed over the sand core. Mechani- 
cally, the two vessels were nearly alike they could made from 
such simple materials. The paper was not so-called waterproof paper. 
The pipes were slightly greased before placing, order prevent the 
cement from sticking. 

The mortar placed the first vessel was the ordinary mixt- 
ure, which was used Allegheny River sand, came from the pile. 
The mortar for the second vessel contained the same proportions 
cement and sand, with the addition the weight the sand 
and cement powdered alum, and the weight the water 
yellow soap. The alum was mixed the sand and cement while dry, 
and the soap had been dissolved the water. 

The difference the texture the two vessels, when taken from 
the forms, was very noticeable. The water-proofed vessel was fine- 
grained and close, and was much smoother the touch than the other. 
Lids roofing slate were ‘‘rubbed” after putting ring neat 
cement around the top, order prevent evaporation. 

After about three months the vessels were filled with water. The 
vessel made the plain mixture immediately began sweat, and 
weep. damp days this was very noticeable. 
dry, windy days the water the surface the vessel was apt eva- 
porate quickly seeped through. The soap and alum vessel 
developed two three which showed slight weeping, 
otherwise was dry. Without any records, the writer’s recollection 
that while the plain vessel was losing about ins. the other vessel 
lost about in., and that was through the pin-holes,” the surface 
never appearing generally damp. 

plastering the inside covered clear-water well, potash soft- 
soap was used. The water for the plaster was used from barrel into 
which lbs. soap was put for each five buckets water. The 
alum was used from paper bags the mixers, bag alum bag 
cement. the walls leaked badly the contractor did this part 
the work conscientiously. The mortar was fine handle with the 
trowel, but the masons, frequently nauseated the odor, had come 
out ventilate themselves. 

Two plastering coats were applied, both being not more than in. 
thick. The writer’s instructions were simply cover thestone and 
make attempt bring toasurface. There more than 
in. the coating. 

The results were entirely satisfactory. The application was made 
when there was leakage; and, when rains set in, the fall, the 
walis remained almost entirely dry. 

the filtered-water regulating houses the 18-in. wall 


showed leak when one side held ft. water. the clear-water 
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well there was slight leakage the joint between the work from the 
floor, and that from the scaffold. 

There are some soaps which the potash much stronger than 
others. The soft-soap, made the farms, 
fats and wood ashes one kind potash soap, and has dark color 
because clean fats are not used. The soap used the writer was 
white, because made clarified fats, and was expensive—7} cents 
pound—but should obtained for much less. came bulk, 
barrels. 

Using part cement parts sand, takes from two three 
12-quart buckets water for each barrel cement mix mortar 
troweling temper. Concrete requires from six eight buckets water. 
The wetness dryness the sand (except the very extremes) may 
disregarded, laborers will vary the quantity water, from batch 
batch. 

Lehigh cement put bags lbs. each. When mortar 
mixed the proportions 2:1 there will approximately 100 lbs. 
cement 200 sand, therefore the alum was put bags, 
and one bag alum was used with each bag cement. 

1:2 mixtures. 

The extra cost would be: 

Soap, Ibs. (with buckets, 200 Ibs. 
Alum, lbs. (with 1:3 mixtures) 


Extra cost per batch concrete 


concrete proportioned 1:3:5, each batch will make about 0.75 
cu. yd. masonry place. that rate, the extra cost would be, 
approximately, per yard. But both soap and alum, larger quan- 
tities and grades not fine, should obtained for much less 
money. 

The writer, however, does not believe that all necessary 
build concrete wall this manner, 2-in. mortar face should 
ample. the filtration works Apollo, skin averaging less than 
in. thickness seemed sufficient. 


Harr, Assoc. Am. Soc. E.—Various solutions have 
been used render concretes water-tight, protect stonework. 
Some these solutions form the basis patents granted for the man- 
ufacture artificial stone. The speaker has experimented with two 
these: silicate soda, and alum The silicate soda, 
called water-glass, used locally Northern Indiana surface 
coating for reservoirs and water cisterns. alum solution 
has been used, for some time, alternate coatings for the surface 
masonry, under the name Sylvester’s wash. 
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Alum forms the hardening agent many patent mixtures for making mr. Hatt. 


artificial stone. One patent, granted 1876 Leathers, for 
artificial stone, prescribes mixture cement and sand moistened 
with solution formed mixture fat and lye with alum. 

The speaker was confronted few years ago with the problem 
designing mortar for use forming the segments plates out 
which burial vaults are moulded. These burial vaults must water- 
tight, and since the expense freight soon limits the area which 
shipments may profitably made, the mortar should light 
possible. The conditions were met design mortar cement, 
and fine bituminous ash made into plates strengthened ordinary 
poultry mesh. Experiments were conducted with silicate soda, and 
with the alum and soap solutions, determine the effect these 
the strength and porosity the mortar. The following results, 
general, are interest. 

The effect silicate soda diminish the strength both ash 
and sand mortars more than and diminish the absorption 
the ash mortars about per cent. 

The effect alum and soap mixed with the mortar the time 
gauged strengthen harden the ash mortar about 50% 
and diminish its absorption soap solution alone will 
diminish the absorption (by the action the alkali the cement 
the soap) but will not increase the strength. 

The strength the sand mortar not greatly affected the soap 
and alum, but its absorption decreased about percent. The 
the absorption was measured comparison the weight water 
taken briquettes which were immersed after having been dried 
out. Check tests were made measuring the water which percolated 
from the outside through the walls hollow cylinders. 

The speaker believes that this the first use soap and alum 
solution for waterproofing, place the usual gauging water. 

The method used the speaker follows: solution 
ground alum and water prepared; and solution soap and 
water. The alum solution mixed with the mortar the amount 
one-half the ordinary gauging water. The soap solution then 
applied amount bring the mortar the desired plasticity. The 
soap and alum, acting together, cuuse the precipitation insoluble 
compound the pores the mortar. 

solution lye and alum said produce the same effect. 

regard the problem making pipes, the French engineers 
believe that order make concrete pipe hold water, sheet-iron 
tube must placed inside when the head about ft., and such 
pipes have been used under head 300 ft. When the head less 


than ft. they make reinforced concrete pipe without any steel 
lining. 


Letters Patent No. 178 307. 
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AUTOMATIC MODULES 
FOR REGULATING THE SPEED FILTRATION. 


Discussion.* 


Assoc. Am. Soc. (by his discus- 
sion automatic modules, Mr. Gregory describes} the automatic 
weirs which are used regulate the rate filtration the Rox- 
borough filters Philadelphia. 

glancing the diagrams which are given page 563} will 
seen that the weirs have the following points common: They 
are supported floats which rise and fall with the level the water 
the filtered-water chambers; they consist pipes which are held 
vertical position spiders attached the floats; the lower part 
the weir pipe slides and down casing, and for that reason 
designated pipe; the water the filtered-water 
chamber escapes from that chamber running over the edge the 
weir, passing down through the telescopic pipe and out into the 
effluent mains. 

The principal differences the designs the are 
follows: Lower Roxborough the effluent mains are fastened 
directly the bottom the casing which the telescopic pipe slides, 
whereas Upper Roxborough the effluent pipe leads off from the 
side the casing; moreover, the water drops farther Lower than 
Upper Roxborough. 

falling, the column descending water creates partial 


Continued from the Proceedings for May, 1903. See February, Proceedings 
for paper this subject Charles Anthony, Jr., Soc. 
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vacuum. order prevent this, air rushes into the telescopic pipe, Mr. Copeland. 


both the center and behind the sheet water. portion this 
air mixes becomes with the water, and, under certain 
conditions, passes out through the bottom the telescopic pipe into 
the effluent mains. 


Commenting upon this feature the action the automatic weir, 
Mr. Gregory says: 


was expected, however, that there would some entrained air 
carried along the solid column water passing down through the 
pipe, due the agitation the surface produced the 
been some little trouble caused air being sucked in.” 

The trouble” which refers arose from the formation 
water hammer which was severe that large valve the outlet 
the filtered-water main had taken off, order prevent the 
from breaking the pipe joints. This not the first time 
that trouble has been caused automatic regulators these gen- 
eral design. 1898 the Filtration Commission Pittsburg* made 
some experiments water filtration with mechanical filter the 
so-called Warren type. 

Roxborough, the Warren regulator consisted float sup- 
porting weir, but this case the weir was made 
plate set the top the telescopic pipe, and the water entered the 
pipe through this orifice. Air was sucked the sheet falling 
water the center, and through air-pipes tapped into the top the 
telescopic pipe just below the orifice plate. See Fig. 15. 

The column water falling downward sucked air consid- 
erable degree, shown the following 

was found necessary allow abundance air enter the 
top the central pipe the automatic weir, prevent vacuum from 
being formed and thus cause the and orifice drop, causing too 
much water flow. The entrance the air, however, caused serious 
over-registration the (water) meter upon the effluent pipe; the error 


this way reaching 13% the volume water filtered. 


After trial various devices, vents were arranged which reduced 
the error per 


The vents referred are shown the right Fig. and were 
three number. The largest, ins. diameter, was placed top 
elbow the effluent pipe just before the meter. The other vents 
were smaller and were placed top the meter order release the 
air which passed the 6-in. vent. 

Although some air was sucked through the air-pipes, the volume 
was small. produced vacuum about ins. column. 


Therefore the air entrained the central well created most the 
trouble. 


Report the Filtration Pittsburg, 1899. 
the Filtration Commission,” Pittsburg, 158. 
Report the Pittsburg Filtration Commission, Plate No. 16. 
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The volume air entrained automatic regulator will depend 


upon several factors. 


the air sucked because the downward draft caused 
the falling sheet water, the distance which the water falls im- 


portant factor the 
process entraining 
air. Advantage taken 
the fact that the 
with 
the distance which the 
water falls develop- 
ing power turbines. 

The which 
the water drawn away 
from the bottom the 
telescopic pipe an- 
other important factor. 
If, for instance, the tele- 
scopic pipe discharges 
directly into effluent 
main which has consid- 
erable slope, upon 
which much draft 
made that the water 
out the 
lower part the casing 
with great rapidity, the 
pipe will emptied 
the very bottom. 
consequence 
air, forced into the tele- 
scopic pipe the down- 
ward rush the falling 
sheet water, will 
driven into the effluent 
main. 

But, the telescopic 
pipe discharges into 
chamber which ar- 
ranged such manner 
that the effluent main 
does not draw the water 


away immediately from the telescopic pipe, the 


Mihimum Elev, 


6 Air Escape 


6 Effluent 
Meter 


WARREN AUTOMATIC WEIR 


15. 


rent will checked before the water enters the main. re- 


sult, the level the water will tend rise the telescopic 
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forced into the main considerable degree. 

The volume air entrained the Warren filter, pointed out 
former paragraph, was measured accidentally. The air entrained 
the Roxborough regulators has never been measured, but, order 
give idea the probable action these weirs, data prepared 


for the Warren and Roxborough filters have been placed Table No. 
for comparison. 


TABLE No. 


Maximum distance through| Rate flow through the 
Regulator designed for: which the water falls telescopic pipe. 


(in feet). Linear feet per second. 


Warren Filter 


Lower Roxborough............ 0.31 
Upper Roxborough............ 0.41 
Torresdale (Special)........... 0.41 


From the figures given Table No. evident that the 
fall” and the ‘‘rates flow” are greater the Rox- 
borough filters than they were for the Warren filters. Therefore, 
would natural expect that the volume air entrained would 
greater Roxborough than Pittsburg. The air entrained 
Lower Roxborough considerable volume that the theoretical 
deduction seemed borne out practice. But, the time 
writing, such results have developed Upper Roxborough. These 
however, have not yet been given atest their maximum 
working rate filtration. 

comparing the diagrams the Warren and Lower Roxborough 
filters, one notes that the methods drawing the water away fromthe 
telescopic pipes are the same, namely, direct discharge into the 
effluent mains. The telescopic pipe Upper Roxborough discharges 
into outlet casting,” and the effluent main leads off from this 
casting point several feet above the point discharge. 

Whereas, then, the water taken away from the Lower Rox- 
borough pipes what may called discharge, 
the water taken away Upper Roxborough what may called 

Instead, therefore, forcing the entrained air directly into the 
effluent main, Lower Roxborough, the trap Upper Roxborough 
gives the air chance separate from the water before enters the 
effluent main. 

Moreover, matter what rate filtration the lower system 
may operating, the steep slopes and arrangement the effluent 
mains will always draw the water away the bottom the outlet 


pipe, shortening the fall and preventing the entrained air from being Mr. Copeland. 
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Mr. Copeland. casting, but when the filters run low rates filtration Upper 


Roxborough and the filtered-water reservoir full, the traps will 
water the telescopic pipes the regulators until the 
fall shortened only about ft. 

the experience Upper Roxborough, the present time, 
has indicated that with fall ft. only, small volume 
air will entrained, probable that the special form regulator 
designed for Torresdale will reduce, considerable degree, the 
quantity air entrained. 

The diagram the special regulator shows, however, that the 
telescopic pipe very short, and that the effluent pipe occupies the 
larger part one side the outlet casting. Therefore, the dis- 
charge from this regulator direct, and any air entrained the 
column falling water will forced into the effluent main, just 

Mr. Gregory states, the entrained air does not affect the efficiency 
the filters. fact, Mr. John Hill suggests that the aeration 
which this air will produce may benefit. But the action the 
air the valves and pipe lines danger which can beremoved only 
getting rid the air. 

Part the air can released vents, but the experience with 
the Warren filter Pittsburg showed that the escape pipes having 
area greater than the effluent main failed remove all the air en- 
trained the Warren automatic regulator. 

Therefore, probable that vents placed the top the out- 
let casting, would remove part but not all the air entrained 
the weir. get rid the remainder the air seems the 
writer that the diameter-of the first length the outlet main should 
increased double its present size, and vent placed top 
the outlet end. 

increasing the diameter the pipe the rate flow through the 
pipe would decreased, and better chance given for the air 
separate from the water. 

The entrained air escapes from the water just soon reaches 
the clear-water reservoir. But should ever become necessary 
the reservoir, delivering the water directly into the city 
mains, probable that the air entrained the automatic floating 
weirs might break some the joints pipes. 

order prevent this, the floats can forced under water until 
the weirs are submerged deep enough prevent air from being sucked 
the center the regulators. 

When the weirs are submerged this manner way left con- 
trol the rate filtration except opening the hand-valves known 
number turns. Even then the rates are likely fluctuate directly 
with the variation the consumption the water. rates 
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very desirable install regulating devices which will reduce 
personal superintendence” much possible. 

Therefore, controllers can made which will run automatically 
for twelve fifteen hours, and if, Mr. Gregory suggests, the con- 
trollers are brought from several filters into one house, the regulation 


the rates filtration can kept the hands the engineer 
charge the plant. 


Joun Am. Soc. (by letter).—The experience with 
plain sand filtration Philadelphia, the testing stations located 
the Schuylkill and Delaware Rivers, and the Roxborough filters, 
indicates that extremely desirable that filters should operate 
uniform rate percolation per unit per day. Oddly enough, 
sometimes shown that rapid reduction the rate filtration 
accompanied increase the bacterial content the effluents 
the filters, and that times when the rates are increased materially 
the bacterial content diminishes with the increased rate. These are 
phenomena which are still investigated determine the true 
causes what would appear anomalous results. 

There one serious defect the floating circular weir, used 
regulate and measure the rate flow from the Philadelphia filters, 
pointed out one the discussions this paper, viz., the very 
large quantity air carried into the effluent pipes induction 
suction the annular column water flowing down the telescoping 
weir pipe. 

All the plans for the Philadelphia filters contained, the end 
the effluent pipe, where enters the clear-water basin, automatic 
balanced valve, intended adjust the rate flow from the filters 
the clear-water basin such manner that variations the elevation 
the water the basin would cause corresponding variations the 
rate discharge from the filters (and gradually increase diminish 
the rate flow from the filters), adapt the work the filters 
the requirements consumption; but the large quantity air carried 
down the telescoping effluent weir pipes rendered impossible the use 
the regulating balanced valve the clear-water basin, intended. 
Steps are now being taken substitute for the floating weir adjust- 
able submerged orifice, the depth submergence the orifice re- 
maining constant while the area the opening will adjustable 
the varying rates flow the filters. expected that the change, 
this direction, will avoid the introduction the large volume 
air which now passes through the effluent pipe along with the water, 
and not only interferes with the proper operation the main effluent 
regulator, placed the end the pipe the clear-water 
basin, but, material extent, diminishes the capacity ofthe effluent 
pipes, and causes greater loss head, effecting the discharge 
the filtered water from the filters, than desirable. 


filtration are likely interfere with the processes purification, Mr. Copeland. 


Mr. Hiil. 
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not known that the induction air constitutes any other dis- 
advantage than the one above mentioned. were not that the air 
contact with the water the effluent pipe for short time 
might said that the aeration the filtered water flowing over the 
lip the weir would advantage; certainly could not con- 
sidered detriment, although this manner possible that air 
organisms may drawn into the water and appear the cultivation 
samples water taken from the clear-water basin for analytical 
purposes. 

With reference automatic module, effluent regulator, there 
doubt desirability having device which will adjust 
itself the increasing loss head the operation the filters, and 
maintain constant discharge water from the filters, but, unless 
such device absolutely reliable, there question whether the 
adjustable weir Berlin, the adjustable orifice used the Ham- 
burg and the Albany filters, would not preferable the auto- 
matic regulator, the former compelling attention upon the part the 
filter attendants, and constant adjustment the weir orifice 
the fixed rate operation the filter. 

the original form the Lindley floating weir used the War- 
saw filters, the same trouble was found that now being found 
with the Philadelphia regulators, and recent information from 
Mr. Lindley, Warsaw, shows that the original form automatic 
regulators has been superseded containing adjustable 
orifice placed below the surface the water, with more satisfactory 
results the operation the automatic regulators. 

the practice, the works the East London Water Company, 
regulate the flow water and from the filters valves adjusted 
hand; but the rate percolation influenced directly the 
draught water the pumps, pumping into the distributing reser- 
voirs from the small clear-water basin into which the effluents from 
the filters are discharged. 

The packing designed for the telescoping tubes the Philadel- 
phia effluent regulators was first plain stuffing-box, and latera water- 
packed bronze gland through which the telescoping tube moved 
and down. was found that the leakage, however, when the pack- 
ing was adjusted for the free movement the telescoping tubes, was 
too great admit considering the automatic weir device for 
the measurement the rate flow from the filters, and due time 
the original packing devices were removed and self-adjusting cup- 
leather packings substituted, which now allow the floats respond 
promptly toslight changes the water level the effluent chambers, 
and maintain reasonably constant head the circular weir the 
top the telescoping tube. 

The flow over the weir, for any adjustment, determined very 
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accurately stopping the flow water into the filters, and noting mr. 
the decline head over the sand bed for period twenty minutes 
half hour, from which loss level, and the known area the 
filter tank, the rate percolation determined, and the weir rated for 
discharge accordingly. Such measurements are made conveniently 
for each adjustment the head the weir, and long the depth 
flow over the lip the weir remains unchanged, the weir may 
accepted means measuring the discharge the filter, 


well maintaining constant rate percolation through the 
sand bed. 
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MEMOIRS DECEASED MEMBERS. 


will reproduced the Volumes Transactions. Any informa- 
tion which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final Publication. 


CHARLES EDWARD HENRY CAMPBELL,* Am. Soe. 


1902. 


Charles Edward Henry Campbell, son James and Mary Rose 
(Buxton) Campbell, was born Summerside, Prince Edward Island, 
Canada, January 7th, 1850. His father, who was Scotch descent, 
was native Prince Edward Island, but his mother Eng- 
land, being member old Derbyshire family. 

Charles Campbell was educated Prince Wales College, Char- 
lottetown, Prince Edward Island. the age twenty went 
Schuyler, Nebraska, where learned the business bridge building, 
first the field one the erecting crew, and afterward the 
office. 

1874 moved Council Bluffs, Iowa, where formed part- 
nership with Mr. Raymond, under the firm name Raymond 
and Campbell, for the purpose building bridges. The partnership 
continued until the end 1886, and during its existence the firm built 
great many highway bridges and viaducts throughout the western 
States, besides number structures for several railroads, among 
others the following: 

Council Bluffs and St. Louis; Humeston and Shenandoah; Burling- 
ton and Missouri; Kansas City, St. Joseph and Council Bluffs; Minne- 
apolis Union; Northern Pacific; St. Paul and Duluth; St. Louis, Des 
Moines and Northern; Cheyenne and Northern; Fremont, Elk Horn 
and Missouri Valley. 

During 1887, 1888 and 1889 Mr. Campbell was western agent for 
the Milwaukee Bridge and Iron Works, when, among other structures, 
built the Twenty-third Street Viaduct Denver, Colorado; rebuilt 
the bridge over the Missouri River Ft. Leavenworth, Kansas; 
erected bridge over the Missouri River Ft. Benton, Montana, and 
constructed several large bridges and viaducts western cities. 

1889 formed partnership with Mr. Marsh, Des 
Moines, Iowa, under the name Campbell and Marsh, western 
agents for the King Bridge Company, Cleveland, Ohio. This part- 
nership lasted until 1892, and during its continuance the firm built 
number bridges for the Kansas City, Pittsburg and Gulf Railway, 
elevated railroad Sioux City, Iowa, and Missouri River bridge 
Cascade, Montana. 
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1889 was retained consulting engineer design and 
superintend the construction bridge, about 000 ft. long, over the 
Loup River Columbus, Nebraska. 

1892 took again the agency the Milwaukee Bridge and Iron 
Works, retaining until 1895, when his contract expired. During 
this time, among other works, built the temporary portion the 
Omaha Bridge and Terminal Railway Company’s bridge over the 
Missouri River between Council Bluffs, Iowa, and East Omaha, 
Nebraska. 

From 1896 until his death was engaged contracting his own 
account, constructing numerous small bridges various places and 
depot building for the Burlington road Creston, Iowa. 

1899 was associated with Mr. James Saguin, the construc- 
tion bridges for the Central Railroad Company near Council 
Bluffs, Iowa; and 1901 built steel bridge over 
River near Winston, Montana, and combination bridge over the 
Snake River Shelley, Idaho. 

1885 Mr. Campbell married Miss Fannie Reeve, Cleveland, 
and she survives him. left children. 

was prominent Mason and Knight Templar, and took great in- 
terest everything relating these societies, having held them 
several high offices. 

was eminently genial and kindly nature, and won him- 
self many friends, who mourn his death sincerely. His business deal- 
ings were ever characterized the utmost fairness; and would 
have been richer man, financially, had made practice treating 
others others treated him; but his disposition was rather easy going, 
that often failed obtain his just dues, preferring yield 
others rather than strive unpleasantly for his rights. 

Had been any other line the profession than highway- 
bridge contracting, would have made his mark designer, for 
often evolved excellent details meet special conditions; but had 
make living out his business, and could not that and 
the same time live his ideas designing. often complained 
bitterly this. Occasionally, had some small chance show 
what was capable doing designer; but most cases, even 
his railroad-bridge work, there were restrictions financial char- 
acter that prevented him from accomplishing anything out the 
ordinary. 

When contract, generally managed spend more money 
the work improving the character the structure than had 
originally estimated; consequently, failed become rich. 

When allowed opportunity build first-class constructions, 
always availed himself and succeeded obtaining structures 
far above the common. For instance, the temporary piers, spans and 


ra 
a 
q 
q 
q 
J 
4 
2 


766 MEMOIR CHAS. EDWARD HENRY CAMPBELL. 


trestles the Omaha Bridge and Terminal Railway Company’s 
bridge over the Missouri River Council Bluffs are fine piece 
timber construction was ever built America. The work has 
already outlived its allotted time two years, and could relied 
upon last several years longer, were there any necessity therefor. 
now being replaced with permanent construction, that within 
year this fine monument Mr. Campbell’s great constructive ability 
will longer exist. 

His death was due complication diseases, resulting finally 
Bright’s disease. For more than year struggled bravely, 
almost without hope, and attended his work long after was too 
ill his office even leave his chair. 

was thoroughly good fellow, true sportsman, honest gen- 
tleman, and broad-minded citizen, well contracting engineer 
high repute. His death the early age fifty-three loss the 
engineering profession and tothe citizens the Middle West, among 
whom was extensively and favorably known. 

Mr. Campbell was elected Member the American Society 
Civil Engineers October 3d, 1883. 
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1901. 


Paul Davis Cunningham was born Monroe County, Georgia, 
November 27th, 1869. 

was undergraduate Emory College, Oxford, Georgia. From 
July September, 1887, was Rodman surveys for the Atlanta 
and Florida Railroad, and then, until February, 1888, Assistant the 
Resident Engineer the construction that road. From April 
December, 1888, was Rodman and Leveler surveys for the 
Tennessee Midland Railway. From April October, 1889, was 
Leveler surveys for the Cumberland Valley Extension the Louis- 
ville and Nashville Railroad, and, then, until February, 1890, Assistant 
the Resident Engineer the Big Stone Gap residency that road. 
June, 1890, became Resident Engineer the construction 
the Decatur, Chesapeake and New Orleans Railroad, where 
remained until September that year. From October, 1890, until 
March, 1891, was Resident Engineer the construction the 
Clarksville Mineral Branch the Louisville and Nashville Rail- 
road. was next engaged Leveler the survey the Upper 
Tennessee River for the Engineer Department, A., which work 
occupied his time from May October, From February, 1892, 
until February, 1894, was Transitman charge one the topo- 
graphical parties the International Boundary Commission between 
the United States and Mexico, and from August October, 1894, 
was Assistant Engineer charge remeasurements under that 
Commission. From October, 1894, March, 1896, his position was that 
U.S. Assistant Engineer the International (water) Boundary Com- 
mission, United States and Mexico, andthen became Engineer Clerk 
the Southwest and Northwest Divisions the Engineer Depart- 
ment, United States Army, which position held until June, 1898. 
From July September, 1898, was Assistant Engineer with the 
Chief Engineer the staff the Major General commanding the 
Army Porto Rico. then became Principal Assistant Engineer, 
Department Havana, Cuba. 1899 was Acting Chief 
Engineer the latter department, and December, 1899, became 
Chief Engineer the City Havana. 

July 10th, 1900, Mr. Cunningham, then Havana, received 
the following telegram from General Anson Mills from Washington: 


recommend you for Consulting Engineer, Boundary 
Commission, salary thirty-six hundred year and 

July 14th received the following telegram: 

You have been appointed Consulting Engineer, Mexican Water 
Boundary Commission, subject acceptance your resignation 
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Assistant Engineer and Superintendent, Havana Engineering De- 
partment, Military Governor Cuba. start for Paso to-day. 
Hope you will join soon practical. 


Mr. Cunningham joined his corps August, 1900. was Chief 
Party for the International Boundary Commission, his work being 
follow the course the Rio Grande from Paso the Gulf, dis- 
tance thirteen hundred miles. The voyage was deemed hazardous, 
and for half the distance the party would cut off from all com- 
munication with the rest human kind. 

was drowned the rapids the Rio Grande, below Eagle 
Pass, Sunday, July 13th, 1901, and his body was not recovered 
until the next Tuesday. The remains were brought Nashville, Ten- 
nessee, and then taken Shelbyville, where, July 19th, they were 
laid rest the side his mother, beautiful Willow Mount 
Cemetery. 

Death loves shining mark.” Never was this adage more fully 
exemplified. Paul Cunningham was shining mark life and for 
death. Born most worthy parents, given all the advantages the 
American youth desires requires, reached manhood thoroughly 
equipped for the battle life. Cultured, refined, considerate, 
splendid manner and attractive person, with fine social, professional 
and official position and unsullied escutcheon, what shining mark 
was—so shining that death struck him, long way off, full fifty years 
before his time. 

Paul Davis Cunningham was elected Associate Member the 
American Society Civil Engineers March Ist, 1899. 
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MINUTES MEETINGS. 


THE SOCIETY. 


September 2d, meeting was called order 
8.45 m., President Noble the chair; Chas. Warren Hunt, Secre- 
tary; and present, also, members and guests. 

The minutes the meeting June 3d, and the Business Meeting 
the Convention Asheville, C., June 9th and 10th, 
1903, were approved printed Proceedings for August, 1903. 

The Secretary brought the attention the meeting resolu- 
tion, Schaub, Am. Soc. E., which had been passed 
the meeting June 11th the Annual Convention, follows: 


the sense this meeting that Special Committee ap- 
pointed take the question concrete and steel-concrete, and 
that such committee co-operate with the Association for Testing Ma- 
terials, and the Railway Engineers’ Maintenance Way Association, 


which also have committee this subject.” 
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The Secretary then moved, behalf Mr. Schaub, that Special 
Committee Concrete-Steel appointed, and the matter referred 
the Board Direction. (Art. VI, Sec. the Constitution.) 

The motion, being duly seconded, was adopted vote more 
than twenty-five Corporate Members. 

paper, entitled Experimental Study the Resistances 
the Flow Water Pipes,” Augustus Saph, Assoc. Am. 
E., and Ernest Schoder, Jun. Am. Soc. E., was presented 
the Secretary, who also read communications the subject from 
Messrs. Flamant, Hiram Mills, Thrupp and Allen Hazen. 


Ballots for membership were canvassed, and the following candi- 
dates elected: 


MEMBERS. 


New York City. 

Boston, Mass. 

St. Louis, Mo. 

Horace South Framingham, Mass. 


MEMBERS. 


CHARLES New York City. 
NEWHALL Baltimore, Md. 
Lewis, Jr., Utica, 

Macy, St. Paul, Minn. 

CHARLES FREDERIC Mapimi, Durango, Mexico. 


The Secretary announced the election the following candidates: 


the Board Direction September Ist, 1903; 


ASSOCIATE. 


New York City. 
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JUNIORS. 


New York City. 
Porter, Danvers, Mass. 
Reconsideration Ballot canvassed the Board Direction 
September Ist, 1903: 


Frank Horn, Cheesman, Colo. 


The Secretary announced the following deaths: 

ALPHONSE Past-President, Am. Soc. E., elected Member 
January 5th, 1876; President, January 19th, 1898, January 18th, 
died June 11th, 1903. 

Member January 5th, 1875; President, January 16th, 1895, January 
15th, 1896; died July 1903. 

elected Member July 10th, 1872; Vice- 
President, 1894-1895; died July 11th, 1903. 

CHARLES elected Member April 2d, 1902; died 
June 13th, 1903. 

Winn elected Member December 7th, 1898; died 
July 12th, 1903. 

VANDERPOOL, elected Member September 2d, 1874; died 
July 12th, 1903. 

elected Member November 2d, 1887; died July 
1903. 

ABERT, elected Member September 21st, 1870; 
died August 1903. 

elected Associate January 2d, 1889; died 
August 


The Secretary announced that the Board Direction had decided 
that the Annual Convention 1904 would held St. Louis, Mo., 
during the week beginning October 3d, which time there will also 
meet International Congress Engineering, which this Society 
has been asked take charge. 


Adjourned. 
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September 16th, 1903.—The meeting was called order 8.45 
M., President Noble the chair; Chas. Warren Hunt, Secretary; 
and present, also, members and guests. 

paper entitled Theory Centrifugal Pumps and Fans; Analysis 
Their Action, with Suggestions for Designs,” Elmo Harris, 
Am. Soc. E., was presented the Secretary, who also read 
communications the subject Messrs. William Mayo Venable and 
Adams. The paper was discussed further Messrs. Allen 
Hazen and White. 

second paper, entitled ‘‘Tests the Efficiency Hoisting 
Tackle,” Mitchell, Am. Soc. E., was also presented 
the Secretary. 

The Secretary announced the following deaths 

Joun elected Member May 2d, 1900; died May 
3d, 1903. 

elected Member April 1874; died Sep- 
tember 1903. 

elected Associate Member September 6th, 
1899; died September 8th, 1903. 

Adjourned. 

THE BOARD DIRECTION. 
(Abstract. 

September 1903.—8.35 m.—President Noble the Chair; 
Chas. Warren Hunt, Secretary; and present, also, Messrs. Craven, 
Davison, Knap, Moore, Osborn, Osgood, Pegram, Schneider and 
Wilgus. 

was decided hold the Thirty-sixth Annual Convention the 
Society St. Louis, Mo., during the week beginning October 3d, 1904. 

Under resolution the last Annual Meeting, the effect that 
the Society should co-operate with the Louisiana Purchase Exposition 
Company the inauguration International Congress Engineer- 
ing, and the Society having been invited the Exposition authorities 
take charge such International Congress, the following Commit- 
tee represent the Society the matter was appointed: 


Treasurer, Knap; Secretary, WARREN 


Reconsideration Ballots were canvassed and Frank Churchill Horn 
was declared elected Member the Society. 
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report was received from the Committee representing the Board 
the matter the proposed Joint Engineering Building, and the 
following resolution was unanimously adopted: 

Whereas, the Annual Convention held Asheville, June 10th, 
1903, resolutions were passed authorizing the Board Direction 
hold conferences bearing the advisability the acceptance Mr. 
Carnegie’s proposition this Society for proposed Union Engineer- 
ing Building, and 

Whereas, meeting the Joint Committee said Building the 
Committee representing this Board expressed the opinion that unless 
entire division the building, fund, and management, made 
between the Engineers’ Club, and the four technical societies propos- 
ing use said building, this Board cannot see its way clear recom- 


mend the American Society Civil Engineers the proposition 
join with the others the project. 


Resolved, that the said action the Committee this Board 


hereby endorsed the approval the Board Direction 
the Society. 


The following Committee the award prizes for the 
year ending with the Transactions June, 1903, was appointed: 
Charles Greene, Dawley, Wynkoop Kiersted. 

The report the Nominating Committee was received. 

Applications were considered and other routine business trans- 
acted. 

One candidate for admission Associate, and seven Junior were 

Adjourned. 


See pages 342 and 343. 
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ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, October 7th, 1903.—8.30 m.—A regular business 
meeting will held. Ballots for membership and ballots the pro- 
posed amendment the Constitution will canvassed, and paper 
Francis Robert Johnson, Am. Soc. E.; entitled ‘‘South 
African Irrigation,” will presented for discussion. 

This paper was printed Proceedings for August, 1903. 


Wednesday, October 21st, 1903.— 8.30 m.—At this meeting two 
papers will presented, follows: Railway Construction 
Fatigue Cement Products,” Van Ornum, Am. Soc. 

These papers were printed Proceedings fot August, 1903. 


Wednesday, November 4th, 1903.—8.30 m.—A regular business 
meeting will held. Ballots for membership will canvassed, and 
paper Eugene Goetze, Esq., entitled Filtration for Public Water 
Supplies, with Especial Reference the Double Filtration Plant 
Bremen, Germany,” will presented for discussion. 

This paper printed this number Proceedings. 


Wednesday, November 18th, 1903.—8.30 m.—At this meeting 
paper George Cecil Kenyon, Assoc. Am. Soc. E., entitled 
Improvements Liverpool,” will presented for discussion. 

This paper printed this number Proceedings. 
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SEARCHES THE LIBRARY. 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many such 
searches have been made, and bibliographies and other information 
special subjects furnished. 

The resulting satisfaction the members who have made use 
the resources the Society this manner has been expressed 
frequently, and leaves little doubt that, were generally known 
the membership that such work would undertaken, many would 
avail themselves it. 

The cost trifling compared the value the time engi- 
neer who looks such matters himself, and the work can per- 
formed quite well, and much more quickly, persons familiar 
with the Library. 

Copies all lists references are filed, that many cases 
only necessary make typewritten copy, which reduces the cost 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 


UNIVERSAL EXPOSITION, ST. LOUIS, 1904. 


The Society has undertaken provide for Engineering Exhibit, 
and the establishment Headquarters for visiting engineers, and the 


Board Direction has appropriated sufficient funds defray the 
necessary 


This matter the hands the following Committee: 


Am. Soc. E., St. Louis, Mo., Chairman. 
Epwarp Carter, Am. Soc. E., Chicago, 


JACKSON, Boston, Mass. 


Assoc. Am. Soc. E., St. Louis, Mo., Secretary. 
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INTERNATIONAL ENGINEERING CONGRESS. 


The Society has also agreed take charge International 
Engineering Congress held St. Louis during the week begin- 
ning October 3d, 1904, and has appointed the following Committee, 
under whose supervision this work will carried on: 


Henry Am. Soc. E., New York, Y., Chairman. 


Harrop, New Orleans, La. 

Knap, New York, Y., Treasurer. 
WARREN New York, Y., Secretary. 


ANNUAL CONVENTION, 1904. 


has also been decided hold the Thirty-sixth Annual Conven- 
tion St. Louis during the same week (beginning October 3d, 1904). 

expected and hoped that the visit members the Institu- 
tion Civil Engineers this country, invitation this Society, 
will timed that their participation the International Engineer- 
ing Congress will assured. 

the details the above matters are developed, they will 
announced Proceedings. 


| 
7 


Affairs.] ACCESSIONS THE LIBRARY. 349 


ACCESSIONS THE LIBRARY. 
From August 9th September 8th, 1903. 


TELEPHONY. 


Manual the Design, Construction, and Operation Telephone 


ins., illus. New York, McGraw Publishing Company, 1903. $1.50 
per volume; set six, $6.00. 


has been the endeavor the author collect this series the consensus 
what appears the best prevailing practice, the hope that may least serve 
guide-post along the telephonic road. Part commences with rules for the selec- 
tion the office site. Part II. deals with the history conduit construction. 
endeavors portray and describe the conduit forms the present, such experience 
has sanctioned. Part III. the author has collected such data believes may 


service the telephone engineer the design and installation the underground 


ointed out the principal direction which the 
acture the cables the future will take. 


portion the wire circuits, and has 
probable trend the design and man 


CHIMNEY DESIGN AND THEORY. 


Book for Engineers and Architects. William Wallace 
Christie, Am. Soc. Second Edition, Revised and Enlarged. 


Cloth, ins., 192 pp., illus. New York, Van Nostrand 
Company, 1902. $3.00. 


this edition some twenty-five pages text and twelve full-page illustrations 
have been added. Radial brick chimneys, which were just being introduced the 
United States the first edition went press, are now treated briefly. The author 
has endeavored round out the work, thus meeting some the criticisms made 
the reviewers the original publication. The Contents are: Introduction and History; 
Theory Chimney Draft; Chimney Formule; Chimney Tables, Wind Pressure, Air- 
Space Grates; Foundation Materials, Brick Chimney Materials; Steel Chimneys— 
Theory Pertaining Same, and Examples from Existing Structures; Brick Chimneys 
—Theory Pertaining Same, and Examples from Existing Structures; Chimney Per- 
formances—Special Types—Straightening House Chimneys; Light- 
ning Protection; General Information. There index eleven pages. 


STONES FOR BUILDING AND DECORATION. 


George Merrill. Third Edition, Revised and Enlarged. 


Cloth, 551 pp., illus. New York, John Wiley Sons, 
1903. $5.00. 


The preface states that this work based upon the author’s handbook and cata- 
logue the collection building and ornamental stones the United States National 
Museum Washington. The book has been written from American standpoint, 
and treats principally stones found within the limits the United States, im- 
ported from other sources. but few instances are stones mentioned that are 
purely historical interest. The changes introduced the present edition consist 
much additional material, correction errors where found, and entire revision 
the chapter methods testing. brief chapter the use drift bowlders for 
building purposes has also been introduced. Some new illustrations, including five 
showing the geographic distribution the more important stones. have been 
added. The Contents are: Historical; The Geographical Distribution Building- 
Stones the United States; The Minerals Building-Stones: Physical and Chemical 
Properties Building-Stones; Rock Classification; Geological Record; Igneous Rocks; 
Aqueous Rocks; Methods Quarrying and Dressing Stone; Machines and [mplements 
used Stone-Working; The Weathering Building-Stone; the Selection and 


Testing Building-Stone; Methods Protection and Preservation; Appendices. There 
index eleven pages. 


Unless otherwise specified, books this list have been donated the Publishers. 
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THE ELASTICITY AND RESISTANCE THE MATERIALS ENGINEERING. 


Wm. Burr, Am. Soc. E.; Inst. Sixth 
Edition, Rewritten and Enlarged. Cloth, 990.4 
pp., illus. New York, John Wiley Sons, 1903. $7.50. 


The preface states that the present edition this work constitutes almost new 
book, one-half more the entire volume being new matter. Much the latter 
contains original matter not hitherto published. Portions those chapters com- 
bined bending and direct stress and the theory and design concrete-steel mem- 
bers areof this nature. The effort has been set forth the treatment concrete-steel 
beams and other members with fulness, order meet the requirements that 
rapidly extending field engineering construction. The author has been permitted 
include this volume set tables and cuts shapes taken from the Hand- 
book the Cambria Steel Company. The chapters are: Elementary Theory 
Elasticity Amorphous Solid Bodies; Hollow Cylinders and Spheres and Torsion; 
Resilience; Combined Stress Condition; Tension; Compression; Shearing and 
Torsion; Bending Flexure; Concrete-Steel Members; and Cast Flanged Beams; 
Connections; Plate Girders; Ropes and Chain Cables; Miscellaneous Problems; Work- 
ing Stresses and Safety Factors; The Fatigue Metals; The Flow Solids; General 
Equations; Thick Hollow Cylinders and Spheres, and Torsion; Energy Elasticity; 
Theory Flexure; Another Method for Finding Pitch Rivets. There index 
twelve pages. 


MODERN MACHINE SHOP TOOLS. 


Their Construction, Operation and Manipulation, Including Both 
Hand and Machine Tools. William Van Dervoort. Cloth, 9x6 
552 pp., illus. New York, Norman Henley Company, 1903. 

4.00. 


This book outgrowth series articles prepared the author for the 
students machine-shop practice the University some these articles 
having been published recently effort has been made treat the 
subject comprehensive manner, avoiding all unnecessary matter and presenting 
the apprentice and mechanic many points pertaining the tools with which they come 
daily contact, and about which they are often unable obtain all the information 
order that they may use these tools correctly and efficiently. The chapter 
headings are: The Hammer and Cold Chisel; The File and Filing; Scrapers and Scraped 
Surfaces; Standards Measure; Calipers; Gauges and Indicators; Rules, Squares and 
Other Tools; Drills; Reamers; Taps and Dies; Drill and Tap Holders; Mandrels; 
The Lathe; The Lathe Modified Forms; Lathe Tools; Drivers for Lathe 
Work; Lathe Work, between Centers; Lathe Work Face Plate, Chuck and Carriage; 
Boring and Turning Mills; Planing and Shaping Machines, Their Tools and Attach- 
ments; Planer and Shaper Work; Machine and Key Seater; Milling Machines; 
Milling Machine Cutters; Milling Machine Work; Gear Cutters and Gear Cutting; Drilling 
Machines and Drilling Work; Grinding Machines and Grinding; Hardening and Temper- 
ing: Fastenings; Gearings; Belting and Transmission Machinery; Miscellaneous Shop 
Equipment and Conveniences; Useful Tables and Data. There index eight 
pages. 


ELECTRICAL ENGINEERING. 


Elementary Text-Book Suitable for Persons Employed the 
Mechanical and Electrical Engineering Trades, for Elementary 
Students Electrical Engineering, and for All Who Wish Acquire 
Knowledge the Chief Principles and Practice the Subject. 
and Carl Kinzbrunner. Cloth, 267 pp., illus. New 
York, John Wiley Sons, 1903. $1.50. 


This book had its origin number lectures which the author delivered the 
workmen and the staff large electrical manufacturing firm. readers 
for which this book intended is, the first place, the same that which the 
audience belonged. intended give workmen engineering works the 
knowledge the operation machines and apparatus with which they are concerned. 
The author has endeavored use language which people who have general 
school] education should able understand. some change from 
the original has been inevitable giving English dress tothe work. The illustra- 
tions have been revised, and number from English firms have been added. The 
chapter headings are: Fundamental Principles; Magnets—Magnetic Linesof Force; The 
Continuous-Current Dynamo; The Electric Motor; Accumulators; Working Dynamos 
Parallel; Electric Lighting; Alternating Currents; Alternators; Alternating-Current 
Motors; Multiphase Alternating-Current; High Tension. There index three 
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CATALOGUE THE NATIONAL FIRE PROOFING COMPANY 


Abridged Edition. Author and Compiler, Henry Hinton. 


rocco, 5ins., unpaged, illus. New York, National Fire Roofing 
Company, 1903. $3.00. 


This edition the catalogue, stated the preface, consists chiefly selec- 
tion completed pages electrotyped for unabridged edition forthcoming 
work eight different divisions, four which only are represented here, and these only 
part. The following synopsis the abridged edition: Side-Construction 
Arches; End-Construction Flat Arches; Combination-Construction Flat Arches; 
Segmental Arches; Serrated Arches; Girder-Covering Construction; 


Methods Construction; Condensed Safe Load Tables; Moment Resistance 
for Beams; Sound-Proof Tests. 


‘ 


AMERICAN STREET RAILWAY INVESTMENTS. 


Published annually the Street Railway Journal. Use 
Bankers. Brokers, Capitalists, Investors and Street Railway Companies. 


Tenth Annual Volume. 1903. McGraw Publishing Company, New 
York. $5.00. 


The reports the various railways which about 1,360 are included this work, 
are this year arranged alphabetically States. There comparative table the 
gross receipts 1901 and 1902. The reports for each company give brief general 


description the road, its equipment, operation, traffic and financial statistics, list 
officers, 


Gifts have also been received from the following: 


Aachen Hochschule. pam. 
Allentown, Pa.—Water Dept. 
Am. Inst. Arch. vol. 

Am. Inst. Elec. Engrs. 
Am. Ry. Eng. and Assoc. 
Am. Soc. Mech. Engrs. 
Anthracite Coal Operators’ Assoc. 
Assoc. des Ingénieurs Sortis des 

Assoc. Railway Telegraph Supts. 


pam. 

Boston, Mass.—Board Gas and Elec. 
Light Commrs. vol. 

Boston, Mass.—Dept. Parks. 


Linton, Harvey. vol. 
Liverpool Eng. Soc. vol. 
Manson, Marsden. 
Medford, Commrs, 
Metropolitan District Ry. Co. pam. 
Mich. Coll. Mines. vol. 

Midland Ry. Co. 

Min. Soc. Nova Scotia. 
Commrs. pam. 
New Britain, Conn.—Water Commrs. 


pam. 


vol. 


pam. 
New Brunswick, J.—Water Commrs, 


New Cotton Mfrs. Assoc. bound 
ol. 


pam. 

Pub. Works. vol. 

Chicago, Dept. vol. 

Chicago North Western Ry.Co. 

Cooper Union. pam 


Denver, Colo.—State Engr. bound vol. 

Engrs.’ Club St. Louis. 


Flynn, John, Jr. vol. 
Ga.—State Geologist. bound vol. 

Gila Valley, Globe Northern Ry. Co. 


pam. 

vol. 

Hannover Technische Hochschule. pam. 

Harrisburg, Pa.—City Clerk. vol. 

Hering, Rudolph. 

India—Pub. Works Dept. 

Inst. Civ. Engrs. bound vol. 

Kalamazoo, Mich.—City Clerk. 

Lehigh Coal Navigation Co. pam. 

Lindenthal, Gustav. pam. 


City—Dept. Water Supply, Gas 
Electricity. 

North, Edward bound vol.,4 vol., 


pam. 

Philadelpbia, Pa.—Bureau Surv. 
bound vol. 

Philadelphia, Pa.—Bureau Water. 
bound vol. 

Philadelphia Commercial Museum. 


pam. 

Polytechnic Inst. Brooklyn. vol. 

St. John, and Sewerage 
Dept. 

Tombo, Carl. 

Bureau Insular Affairs. vol. 

Chf. Engrs. specif. 

U.S. Weather Bureau. bound vol. 

Wellcome Physiological Research Labora 
tories. bound vol. 

Western Soc. Engrs. pam. 

Wis.—State Geol. Surv. bound vol., 
vol., pam. 

Wyo.—State Engr. vol. 
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PURCHASE. 


Gas and Petroleum Engines. Manual for Students and En- 
gineers. William Robinson, Inst. E., Inst. 
Inst. Second Edition, Completely Rewritten. London, 
Spon, Ltd.; New York, Spon Chamberlain, 1902. 


The Metallurgy Zinc and Walter Renton In- 
galls. Engineering and Mining York, London, 1903. 


Modern Electrolytic Copper Refining. Titus Ulke. New 


York, John Wiley and Sons; London, Chapman Hall, Limited, 
1903. 


The Hydro-Metallurgy Copper, Being Account Processes 
Adopted the Treatment Cupriferous Ores, 
Including the Manufacture Copper Vitriol with Chapters 
the Sources Supply Copper and Roasting Copper Ores. 
Eissler. London, Crosby Lockwood and Son, 1902. 


Ore-Deposits. Discussion Re-Published from the Engineering 
and Mining Journal. New York, May, 1903. New York and London, 
The Engineering and Mining Journal, 


The Louisiana Purchase and Our Title West the Rocky Moun- 
tains, with Review Annexation the United States. Binger 
Hermann. Washington, Government Printing Office, 1900. 


The Michigan Engineer, Containing the Proceedings the Mich- 


igan Engineering Society, 1902-03. Published the Society, 
Climax, Mich., 1902-03. 


The American Woods, Exhibited Actual Specimens and with 
Copious Explanatory Text. Romeyn Hough. Parts I-IX. 


Lowville, Y., Published and Sections Prepared the Author, 
1892-1903. 


Repertorium der technischen Journal-Literatur. Herausgegeben 
kaiserlichen Patentamt. 1902. Berlin, Carl Heymann, 1903. 


Railway Legislation the United States. Balthasar Henry 


Meyer. New York, The Macmillan Company; London, Macmillan 
Co., Ltd., 1903. 


American Street Railway Investments. Supplement the 
Street Railway Journal. Published Annually for the Use Bankers, 
Brokers, Capitalists, Investors, and Street Railway Companies; 


1902. 9vol. New York, Street Railway Publishing Company, 
1902. 


Colonial and Camp Sanitation. George Vivian Poore. Long- 
mans, Green and Co., London, New York and Bombay, 1903. 


Building Superintendence. Manual for Young Architects, 
Students and Others Interested Building Operations Carried 
the Present Day. Clark. New Edition, Revised and 
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Rewritten. New York, The Macmillan Company; London, Macmillan 
Co., Ltd., 1903. 


Treatise Hydraulics. Henry Bovey. Second Edition, 


Rewritten. New York, John Wiley Sons; London, Chapman 
Hall, Limited, 1902. 


SUMMARY ACCESSIONS. 


August 9th September 8th, 1903. 


Donations (including duplicates) 
Purchase 
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MEMBERSHIP. 


ADDITIONS. 


MEMBERS. 


Assoc. 
Pac. Ry. Co., St. L., Ry. Co., and Assoc. 
Leased, Operated and Independent Lines, 
502 Missouri Pacific Bldg., St. Louis, Mo.. 


Engr., Weston Aqueduct Dept., Met. Water 
and Sewerage Board, Mass., South 


Care, Western Australian Ry. Dept., Office 
Chf. Engr., Perth, Western 
Rys. North China, Tangku, North China........... 


ASSOCIATE MEMBERS. 


ent Co., Contrs., South Broad 


Assoc 
Jr. Second National Bank Bldg., Utica, 


Engr. the Imperial Rus- 
sian Govt.; Asst. the Imperial Inst. Public Ways 
St. Petersburg, Zabalkanski pr. 67, St. Petersburg, 


Div. Engr., Galesburg and St. Louis 

Care, Comm. Additional Water 
Supply, Room 2105, Park Row Bldg., New York City,. 

von Hans. Asst. Engr., Waddell Hedrick, 608 


New Nelson Bldg., Kansas City, 
ASSOCIATES. 
Bros., 468 West Broadway, New 
JUNIORS. 


Asst. Engr., Board Public 

1158 East Jersey St., Elizabeth, 
James Jr. 129 West 83d St., New York 


[Society 


Date 


Dec. 1892 
June 1896 
Sept. 1903 
Jan. 1898 
Sept. 1903 


April 1897 
Sept. 1903 


Sept. 1903 
Dec. 1901 


June 1903 


Mar. 1901 
Sept. 1903 


Sept. 1903 


April 


Sept. 1903 


June 1903 


May 1903 


Sept. 1903 


June 1903 
Sept. 1903 


Mar. 31, 1903 


Jupson, 


THERON 


CHARLES JEREMIAH 


ALFRED 
Henry 


SHUTER 


CLARENCE 


MEMBERSHIP—CHANGES 


eee 


CHANGES ADDRESS, 


MEMBERS. 

Mgr., Baltimore Bridge Co., Baltimore, 
Md. 

CLEMENT, Frank and Contr., Land Title Bldg., 

Philadelphia, Pa. 
Mgr., The New Trinidad Lake Asphalt 
Co., Ltd., Port Spain, Trinidad. 

Dennis, Care, Rinehart Dennis Co., Fairmont, 
Ve. 

Harts, WRIGHT........... Capt., Corps Engrs., A., Flood 


Bldg., San Francisco, Cal. 


Chf. Engr., Gulf Chic. New- 
ton, Miss. 


Epwarp ADOLPH..... Room 812, Security Bldg., St. Louis, 


Mo. 


Capt., Corps Engrs., Office 
the Chf. Engrs., A., Washing- 
ton, 


1018 South 49th St., Philadelphia, Pa. 


Engr. Reclamation Service, 
Geological Survey, 427 Peyton Bldg., 
Spokane, Wash. 


ARTHUR BICKLEY.......... 220, Bourse Bldg., Philadelphia, 


Asst. Chf. Engr., R., Room 
514, Grand Central Depot, New York 
City. 

Care, Winston Bros. Craney, Hoopeston, 

500 Fifth Ave., New York City. 

Supt., The Rust Boiler Co., 605 German 
National Bank Bldg., Pittsburg, Pa. 


Care, Robt. Perry, 5104 Pulaski Ave., 


Germantown, Philadelphia, Pa. 


Capt., Corps Engrs., U.S. A., Company 


Battalion Engrs., Manila, Philip- 
pine Islands. 


Chf. Civ. Engr., The John Kelly Eng. 


Co., 149 Broadway, New York City. 


ASSOCIATE MEMBERS. 


Asst. Engr., Northwest System, Penn. 
Co., 1116 Union Station, Pittsburg, Pa. 
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Asst. Engr. with the Charles River 
Basin Comm., 367 Boylston St., Bos- 
ton, Mass. 
CHRISTOPHER Roadmaster, Chattanooga Div., C., 
Ry. Co., Somerset, Ky. 


Fox, WALTER GORDON............. Bulls Bridge, Conn. 

Frank CHAUNCEY....... Acting Asst. Prof. Civ. Eng., Iowa 
State Coll., Ames, Iowa. 

CUSHING....... Care, Mountain Copper Keswick, 
Shasta Co., Cal. 

700, Grand Central Station, New York 
City. 

CHARLES CALVIN.......... Secy. and Gen. The Riddle 

Constr. Co., Ravenna, Ohio. 
Nep 1037 Fourth St., Louisville, Ky. 


....Contr. Mgr., Am. Bridge Co.. 1304 Union 
Trust Bldg., Cincinnati, Ohio. 


CHARLES STERLING....... Engr., W., Ry., Indiana- 
polis, Ind. 
Washington, D.C. 
JAMES VINCENT......... Asst. Civ. Engr., Naval 
Academy, Annapolis, Md. 
TAKEJIRO..... Bei Frau Biwendt, Goethestr., 


Charlottenburg, Berlin, Germany. 
Carroll St., St. Paul, Minn. 


ASSOCIATES. 
Battery Pl., New York City. 
JUNIORS, 


Viaduct, Rapid Transit Comm., 
231 West 125th St. (Res., 584 Lenox 
Ave.), New York City. 

CHARLES Engr., Am. Coke Gas Constr. Co., 
Camden, 

Davis, Jr...........Care, Livermore, Rialto Bldg., San 
Francisco, Cal. 

JoHN Bors..... Smith Creek Hotel, Mt. Hamilton, Cal. 

Municipal Bldg. (Res., Lenox Rd.), 
Brooklyn, 
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Harris, Henry Asst. Engr., Ferrocarril Central Guate- 
mala, Guatemala. 

CHARLES....... 45, Owensville, Clermont Co., Ohio. 

159 Madison Ave., New York City. 

1730 Memorial Ave., Philadelphia, Pa. 

Miner, James HENRY....... Engr., Page Coal Coke Co., Elkhorn, 
Va. 

HERBERT SEDGWICK....... Prin. Asst. Engr., Brooklyn Heights 
Co., 168 Montague St., 

FELLOWS, 

MAGEE............. Contr., 740 Wells Bldg., Milwaukee, 

Wis. 
DEATHS. 

THAYER.......... Elected Member September 21st, 1870; 
died August 11th, 1903. 

Elected Member November 2d, 1887; died 
July 31st, 1903. 

Elected Member April 1st, 1874; died 
September 10th, 1903. 

JoHN ELFRETH. ......... Elected Associate January 2d, 1889; died 


August 11th, 1903. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(Aug. 9th Sept. 8th, 1903.) 

This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possibie. 


LIST PUBLICATIONS, 
the subjoined list articles references are given the number pre- 


fixed this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth Pa., 

(2) Proceedings, Engrs. Club Phila., 
1122 Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Philadel- 
phia, Pa., 

(4) Journal, Western Soc. Engrs., Mo- 
nadnock Block, Chicago, 

(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Canada. 

(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 

(7) Technology Quarterly, Mass. Inst. 

Tech., Boston, 75c. 

(8) Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 
(9) Engineering Magazine, New York 
City, 25c. 
Magazine, New York City, 


Engineering (London), Wiley, 
New York City, 25c. 
412) The Engineer (London), International 
News Co., New York City, 35c. 
News, New York City, 


The Engineering Record, New York 
(15) Gazette, New York City, 


Ce. 

(16) Engineering and Mining Journal, 
York City, 15c. 

(17) Street Railway Journal, New York 
City, 35c. 

(18) Railway and Engineering Review, 
Chicago, 

Scientific American Supplement, New 
York City, 

(20) Iron Age, New York City, 10c. 

(a1) Engineer, London, Eng- 
lana, 

(22) and Coal Trades Review, Lon- 
don, England, 25c. 

(23) American Iron and Steel 
Assoc., Philadelphia, Pa. 

(24) American Gas Light Journal, New 
York City, 

American Engineer, New York City, 
2Uc. 


(26) Electrical Review, London, England. 

(27) Electrical World and Engineer, New 
York City, 10c. 

Assoc., $1. 

Journal, Society Arts, London, 
Engiand, 15c. 

(30) Annales des Travaux Publics 
Belgique, Belgium. 

(31) del’ Assoc. des Ing. Sortis 
des Ecole Gand, Brus- 
seis, 


(32) Mémoires Compte Rendu des Tra- 
Soc. Ing. Civ. France, 
Paris, 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
chines, Paris, France. 

(35) Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mécanique, Paris, 

(38) Revue Générale des Chemins 
des Tramways, Paris, 

(39) Master Mechanic, Chicago, 

10c. 

(40) Railway Age, Chicago, 

(41) Modern Machinery ,Chicago, 

(42) Transactions, Elec. 
New York City, 50c. 

(43) Annales des Ponts Chaussées, 

Paris, France. 

(44) Journal, Military Service Institu- 
tion, Governor’s Island, New York 
Harbor, 50c. 

(45) and Minerals, Scranton, Pa., 

(46) American, New York City, 


(47) Mechanical Engineer, Manchester, 
England. 

(54) Transactions, Am. Soc. E., New 
York City, $5. 

(55) Transuctions, Am. Soc. E., New 
Yerk City,. $10. 

(56) Transactions, Am. Inst. Min. Engrs., 
New York City, $5. 

(57) Colliery Guardian, London, England. 

Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, 50c. 

(s9) Transactions, Mining inst. Scot- 
land, London and Newcastle-upon- 


Tyne. 

(60) Municipal Engineering, Indianap- 
olis, Ind., 25c. 

(61) Proceedings, Western Railway Club, 
225 Dearborn St., Chicago, 

(62) American Manufacturer and Iron 

(63) Minutes Proceedings, Inst. E., 
London, 

(64) Power, New York City, 20c. 

(65) Proceedings, New York 
road Club, Brooklyn, Y., 

(66) Journal Gas Lighting, London, 
England, 

(67) Cement and Engineering News, Chi- 
cago, 25c. 

(68) Mining Journal, London, England. 
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Bridge. 


Erection the Nairne Viaducts, near Adelaide, South Australia. Walter Edmund 
Cook, Inst. (63) Vol. clii. 

Early and Curious Types the Cantilever Bridge New England and New Bruns- 
Alfred Parker. (Paper read before the Boston Soc. Civ. Engrs.) (1) 

uly 

Cantilever Bridge Connel Ferry.* (11) July 31. 

The New Manhattan Bridge. (12) Aug. 14. 

Wabash Bridge Pittsburg.* (15) Aug. 14. 

for the Superstructure the Island Bridge.* (14) 


The Blackwell’s Island (15) Aug. 28. 
The for Blackwell’s Bridge Across the East River New 
York City.* Sept. 
Repairing the Williamsburg Bridge 14) Sept. 
Erection the Atlantic Avenue Improvement Brooklyn.* (14) Sept 
Note sur Calcul Graphique des Ponts Arc Triple Articulation par des 
Lignes Jacquier. (43) ler Trimestre. 
Mémoire sur Reconstructicn Pont Frans.* G.Canat. (43) Trimestre. 


Electrical. 


The Cauvery Scheme. Harold Thornthwaite Hincks, Assoc. Inst. 
C.E. (03) Vol. clii 
Electric Automobiles.* Henry Francis Joel, Assoc. (63) Vol. 
The Basis for the Theory the Regulation Alternators.* Behr- 
end. (42) June. 
the Heyland Machine Motor and Generator.* Comfort Adams. (42) 
une. 
The Compounding Self-Excited Alternating Current Generators for Variation 
Load and Power (42) June. 
Some Points Alternating Current Theory.* W.S. Franklin. (42) 
une. 
Some Telephone Traffic and Their Effect Service. J.G. Wray. (42) 


Wire Used Telephone Work. Snyder. (58) June. 

Electric Rock Drills. (8) July. 

Hot Wire Enclosed Arc (26) July 31. 

The Possibilities Future Economies Electrical Chamen. 
(Paper read before the Incorporated Municipal Elec. 

The Necessity for Precision Statement Technical Work. (26) 
Serial beginning Aug. 

Development Electric Station Power Plant. Elihu Thomson. (Abstract Paper 
read before the National Elec. Light Assoc.) (47) Aug 

Notes Subaqueous Electric Power Cable.* (13) Aug. 13. 

Mexican Water-Power Electric Plant.* (13) Aug. 13. 

Tests Broken Cables—Some Formule. Raymond- 
Barker. (26) Serial beginning Aug. 

Wimbledon Electricity Works.* (26) 14. 

Combined Railway, Lighting and Ice Hampton, Va.* (14) Aug 

Klein. (27) Aug. 15. 

The Electrical Plant the Newark Free Public Library.* (27) Aug. 15. 

Electric Conduit Construction Cincinnati, (13) Aug. 20. 

Hydro-Electric Works Praz.* (12) Aug. 21. 

Tangential Traction. (26) Serial beginning Aug. 21. 

Necessary Practical Safeguards against Fires Caused Lightning. Alfred Hands. 
read before the International Fire Prevention Congress.) (26) 
Aug. 

The New Chas. Minor Blackford, Jr. (19) Aug. 22. 

The New Denver Telephone Exchange the Colorado Telephone Company.* 
Whitney. (27) Aug. 22. 

Rectifying Transformer.* (27) Aug. 22. 

Electrical Plant Failures: Their Origin and Prevention. Campbell Cormack. 
Paper read before the Inst. Min. Engrs.) (47) Aug. 22; (13) 
Sept. 

Electricity the Regulation Motors.* Phillips. (62) Serial 
Aug. 

Power the Columbia Mills Company, Columbia, C.* (14) 

Wound vs. Shunt Converters. (17) Aug 
Possi Central Station and Distribution Systems. Dawson. (17) 


Emile Guarini. (19) Aug. 

The Nernst Incandescent (19) Aug 

Feeder Calculations for Direct Current Railways. (27) Aug. 29. 
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Electrical—(Continued). 


Recording Wattmeters. Ingwald Rosok. (27) Aug. 22; (24) 
Aug. 31 


Great Electric Installations Italy: The Rome-Tivoli Power Plant and Transmission.* 
Enrico Bignami. (9) 

Aluminium Conductors for Electric Transmission Lines. Alton Adams. (9) Sept. 

Power Plant the Pittsburg, McKeesport Connellsville Railway.* (14) Sept. 

Rouleau Compresseur-Corroyeur Systéme Sarrazin. (35) Aug. 

Actuel Labourage Electrique.* Emile Guarini. (33) Aug. 22. 


Marine. 


Dry Dock Riley’s Hill the Richmond River, New South Wales.* Alexander Donald 
Craig, Assoc. Inst.C (63) ciii. 

American Vessels, Naval and Mercantile. (12) Aug. 14. 

The New Floating Dock for Durban.* (12) Aug. 14. 

The Modern Racing Yacht Engineering Proposition.* Stephens. (9) Sept. 

Application des Moteurs Pétrole Navigation.* (32) June. 


Turbines The Queen Service Dumas. (33) 
ug. 


Mechanical. 


The Riedler Pump.* (59) Vol. xxv, Pt. 


Dispensed with Engines and Pumps. Andrew Watson. (59) Vol. 
xxv, Pt. 


Steel Forgings. Lynch. (58) June. 


Good Forgings and Some Things Avoid. James Baker. 
une. 


Drop Forging. Dwight Goddard. June. 

Cold Rolled Steel. (58) June. 

Power Design. (58) June. 

The Burning Pulverized Coal. Bartlett. (Paper before the Civ. Engineers’ 
Club Cleveland.) (1) July. 

New Form Friction Clutch.* (Paper read before the Inst. 
Mech. Engrs.) (11) July 31: (47) Serial beginning Aug. (Abstract) (26) Aug. 21; 
(Abstract) Aug. 21. 

The New Plant the Duquesne Works the Company.* (22) July 31. 

The Diesel Engine.* (Paper read before the Inst. Mech. Engrs.) (11) 
Serial beginning July 31; (47) Serial beginning Aug. 

Coal and Coke Handling Plant the Dunfermline Gas-Works. Alexander Waddell. 
(Paper read before the North British Assoc. Gas Managers.) (66) Aug. 

Remarks upon the Principles Involved the Gases from Coal, and 
Suggestions heir Application Future Developments. William 
(Paper read before the North British Assoc. Gas Managers.) (66) 

ug. 


Experiments the Efficiency Non-Conducting Coverings for Steam-Piping.* W.N. 
Bolam and Grieve. (11) Aug. 


The Musker Steam Motor Wagon.* (11) Aug. 

Economy Fuel Electric Generating Stations. Henry McLaren. (Paper read before 
the Inst. Mech. Engrs.) (11) (12) Aug. (47) Aug. 15. 

Theory the Aleohol Motor. Longridge, (12) Aug. 

Compound Road Locomotive.* (12) Aug. 


Driven Compressors for Drills, Coal-Cutters and Hauling Machinery.* (22) 
ug. 


The Gas Engine and Its Future. (26) beginning Aug. 
The Valuation Gas Coals. (24) Aug. 10. 
Springs. Wm. Metcalf. (Paper read before the Amer. Soc. for Testing Materials.) (62) 
Serial beginning Aug. 13; (Abstract) (47) Aug. 
High Pressure Gas Distribution. John Britton. (Paper read before the Pacific 
Coast Gas (24) Aug 


Wrought Pipe. Franklin Riffle. (Paper read before the Pacific Coast Gas Assoc.) (24) 


Aug. 17. 

The Molding Machine.* Stupakoff. (Paper read before the Amer. Foundrymen’s 
(20) Aug. 13. 

Chimney Draft. Dixon. (62) Aug. 13. 

Exhaust Steam Turbines.* (62) Aug 13. 

The Cruse Controllable Superheater.* (11) Aug. 14. 

Boring and Turning Mill for Generators.* (11) Aug. 

Mechanical Features the Use Superheated Steam. (40) Aug. 14. 

Concrete Measuring, Feeding and Mixing Plant.* (14) Aug. 15. 

Combined Railway, Lighting and Ice Plant Hampton, Va.* (14) Aug. 15. 

and Utilization Mond Producer Gas for Industrial Purposes.* (19) 

ug. 15. 

Manufacture and Employment Gas from Heavy Oilin Germany. (From the German 

Scheihauer, the Journal fiir Gasbeleuchtung.) (19) Aug. 15. 

Combined Exhaust Valve and Igniter for Gasoline Motors.* (19) Aug. 
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Mechanical—(Continued). 


Extensions the Evesham Gas-Works; Purifiers without Connections.* Mil- 
bourne, Assoc. Inst. (66) Aug. 18. 

Gaseous Firing the Waterford Gas-Works.* Bruce Anderson, Assoc. Inst. 
(Paper read before the Irish Assoc. Gas Managers.) (66). Aug. 18. 

Laying High Gas Main Across the Mississippi River New Orleans.* 
Miller. (Abstract paper read before the Western Gas Assoc.) (13) 

ug. 20. 

Boiler and Efficiencies.* Bement. (Abstract Paper read before the 
National Electric Light Assoc.) (20) 20. 

The Power Required Drive Centrifugal Machines.* (11) 21. 


Moldenke. (Paper read before the Amer. Foundrymen’s 
12) Aug. 21. 


Specifications for Beehive Coke Ovens.* (22) Aug. 21. 

The West Allis Piant the Allis-Chalmers Company.* (14) Serial beginning Aug. 22. 

The Briquette Industry France. Ed. Loze. (16) Serial beginning Aug. 22. 

The Mixers.* (18) Aug. 22. 

Metallic Packings.* Charles Longstreth. (From Journal the Amer. Soc. Naval 
Engrs.) Aug. 22. 

Test Engine Using Kerosene and Gasolene.* Halladay and Hodge. (47) 
Serial beginning Aug. 22. 

Liquid Air: Its Manufacture, Distillation into Commercial Oxygen and Nitrogen, and 
the Application Oxygen the Industries, Especially for Use Connection with 


Gas. Bobrick. (Paper read before the Pacific Coast Gas Assoc.) 

24) Aug. 24. 

Vertical Gas-Retorts America.* (66) Aug. 25. 

Loss Illuminating Power Mantles While Burning. White and Mueller. 
(Paper read before the Michigan Gas Assoc.) (66) Aug. 25. 

Compressed Air for Raising Water from Deep Wells and Borings. Maxwell, 
Assoc. Inst. (From paper read before the British Assoc. Water-Works 
(66) Aug. 25. 

13) Aug. 27. 

Fuel Saving Device.* (20) Aug. 27. 

Drop Forging. Dwight Goddard. (Paper read before the Soc. Pennsyl- 
vania.) (20) Aug. 27. 

English Measuring Machine.* (20) Aug. 27. 

Notes High Speed Tool Steels. Henry (62) Aug. 27. 

New Spiral Elevator.* (14) Aug. 29. 

Automatic Paper-Feeders for Printing Machinery.* (46) Aug. 29. 

The Large Gas Engine Great Britain: Blast Furnace Gas Factor Its Develop- 
ment.* William Booth. Sept. 


Collapses Furnace Crowns; Suggested Explanation.* Rounthwaite. (10) 


ept. 
Machine Tools for Engine Building.* George Reiss. (10) Sept. 
Motor-Driven Machine Tools—Recent Practice the Application Electric Drives 
Drilling Machinery.* (25) Sept. 
Boiler Corrosion—What Corrosion Is—Different Causes and Various Means Which 
May Remedied Prevented. (45) Sept. 
Stamp Cams and Cam-Shafts: Description the Different Forms Cams and 
Methods Fastening them the Shaft.* (45) Sept. 
and Fuel Value the Coal the Fairmount Region West 
irginia. Frank Haas. (45) Sept. 
Portland Cement Manufacture: Preparation Dry Materials for the Kiln. 
Eckel. (60) Sept. 
6000 Horse-Power Conover Jet Condenser.* (64) Sept. 
The Keeler Company Water Tube Boiler.* (64) Sept. 
Stiff and Flexible Shafts and Critical Speeds.* Sanford Moss. (64) 
ept. 
Measuring the Horse-Power Steam Engines.* Oliver. (64) Sept. 
Gas Engines the Dusseldorf Exposition.* R.Mathot. (64) Sept. 
The Use Reheaters Compound Engines.* George Barrus. (Abstract Paper 
presented the New England Cotton Mfrs. Assoc.) (64) Sept. 
The Inland Steel Indiana Harbor Works.* (20) Sept. 
German Reversing Valve for Regenerative Furnaces.* (20) Sept. 
sur Circulation dans les Chaudiéres Vapeur.* Montupet. (32) 
une. 
Vilebrequins Cléro.* A.deGennes. (32) July. 
Vérins Pneumatiques pour Levage des Fardeaux.* (34) Aug. 
Distribution Vapeur.* (34) Serial beginning Aug. 
par Gaz. Ch. Féry. (33) Aug. 
Ballon Zeppelin.* (33) Aug. 
Fabrication Mécanique Bouteilles.* (36) Aug. 10. 
Nouveaux Surchauffeurs Vapeur.* (33) Aug. 15. 
Lucrerie Ketzin, Pres Berlin.* (33) Aug. 22. 
ug. 25. 
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Metallurgical. 


The Light Aluminum Alloys. Joseph Richards. (Paper read before the Amer. Soc. 
for Testing Materials.) (20) Aug. 13. 
The Influence Varying Casting Temperature the Properties Alloys.* Percy 
Longmuir. (Paper read before the Iron and Steel Inst.) (11) Serial beginning Aug. 


14. 

The Detection the Finishing Temperatures Steel Rails the Thermo-Magnetic 
Selector.* Albert Sauveur and Jasper Whiting. (15) Aug. 14. 

The Manufacture and Properties Nickel-Steel. Albert Ladd Colby, Am. Soc. 
(Abstract paper read before the Amer. Soc. for Testing Materials.) (13) Aug. 20; 
(14) Serial beginning Aug. 22; (20) Aug. 20; (15) Aug. 14. 

Pipeless Ingots the Sauveur Method.* Albert Sauveur and Jasper Whiting. (Paper 
read the Amer. Soc. for Testing Materials.) (62) Aug. (47) Aug. (15) 
Aug. 14. 

The Desulphurization Slimes Heap Roasting Broken Hill. Horwood. 
from Transactions the Australasian Inst. Min. Engrs.) (16) Aug. 


Volatilization Metals Chlorides. Stuart Croasdale. (16) Aug. 29. 

Cyanidation the Kalgurli Mine, Kalgoorlie.* Edwin Watt. (Abstract from Trans- 
actions the Australasian Inst. Min Engrs.) (16) Aug. 29. 

The Metallography Iron and Steel.* Henry Howe. (9) Sept. 

Roasting and Filter-Press Treatment Kalgoorlie. J.T. Marriner. (16) Sept. 

Gold from Cyanide Slimes Wet Method. John Fleming. (16) 

ept. 

Exposé des Derniers Expériences Industrielles pour Fonte 
Cuivre dans des Fours Electriques Réalisées France. Ch. Vattier. 
(32) July. 

Essais Récents Plaques Cémentées (1902-1903). Baclé. (33) Aug. 15. 

sur les Aciers Manganese.* Léon Guillet. (33) Serial beginning 
Aug. 22. 


Military. 


The Richards Prismatic Stadia Range-Finder. Landis. (2) July. 

The Importance Engineering Experiments. George Melville. 
(2) July. 

The Topham Rifle (12) July 31. 

Military Graphics. Charles Larned. (44) Sept.-Oct. 


Mining. 


Underground Fires. Hardwick, (Paper read before the British 
Fire Prevention Cong.) (57) July 31. 

New Methods Filling the Goaf Germany.* (From Report Prussian Comm. 
the Fall Stone and Coalin Mines.) (22) Aug. 21. 

Acetylene Lamps German Collieries.* (22) Aug. 14. 

Improved Appliances, &c., Introduced into German Mines 1902.* (From Zeitschrift 
Berg-, Hiitten-, und Salinenwesen.) (57) Serial beginning Aug. 14. 

Gold Mining and Milling Ecuador.* Mercer. (16) Aug. 15. 

Belt Elevators. (16) Aug. 15. 

Electric Power Appliances the Mines Europe.* Emile Guarini. (9) Sept. 

Electric Coal-Mining Plants. Belden. (45) Sept. 

Traversing Winding Engine for Deep Shafts.* Morgans. (Paper read before the 
Inst. Min. and Metallurgy.) (45) Sept. 

Fatal Accidents Coal Mines North America, Frederick Hoffman. (16) 


ept. 
The Santa Eulalia Ore Deposits.* Philip Argall. (16) Sept. 
L’Embouage Comme Méthode Remblayage.* H.Schmerber. (33) Aug. 


Miscellaneous. 


Century’s Progress Engineering Education the United States. Robert Heywood 
Fernald. (Paper read before the Engineers’ Club St. Louis.) (1) July. 

Mechanical Drawing the Modern Drafting Room.* George Follows. (58) July. 

Drawing Room Practice for Manufacturing Companies. Klindworth. (58) July. 

System Engineering Office. Fohl. (58) July. 

Instruments Mesure Haute Précision pour les Ateliers Mécaniques.* Galas- 
sini. (37) July 31. 


Municipal. 


Notes upon Municipal Work Sydney, New South Wales. Richard Watkins Richards, 

the Asphalt Industry. Henry Delano, Assoc. Inst. 
ol. 

The Use Motor Vehicles for Municipal Purposes England. (13) Aug. 13. 

Fire Service for Dock Property: Fire Methods the Docks the 
Manchester Ship Canal.* Hunter, Inst. (Paper read before the 
International Fire-Prevention Cong.) (11) Aug. 21. 

Use Mineral Oil Road Improvement. James Abbott. (13) Aug. 27. 

Experiments the Value the Absorption Test for Paving Brick.* (60) Sept. 
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Railroads. 


The Construction the Lu-Pao District the Lu-Han Railway.* Thomas Johnstone 
Bourne, Assoc. Inst. (63) Vol. clii. 

Reduction Grade Railroads.* Purdon. (Paper read before the Engineers’ 
Club St. Louis.) (1) July. 

Bogie Express Engines, Class South Eastern and Chatham Railway.* (21) Aug. 

Interurban Development Great Britain. Robert Porter. (17) Serial be- 


nning Ang. 

Back Bay Boston; New York, New Haven Hartford Railroad.* (18) Aug. 

The Construction the Simplon Tunnel.* Serial Aug. 13. 

The Southern Pacific East Los Angeles.* (15) Aug. 14. 

Grade Reduction the Illinois Central.* (15) Aug. 

The Renovo Shops—Pennsylvania Railroad.* (40) 

Injectors the Backhead Locomotive Boilers.* (40) Aug. 14. 

Plans the Holland Sleeping Car.* (17) Aug. 15. 

All-Metal Box Cars Mexican Railway.* Aug. 15. 

Drawbar and Buffer Attachments for Use between Engine and Tender. (18) Aug. 15. 

Electric Locomotives French Railways.* (19) Aug. 15. 

Shops the Locomotive Machine Company Montreal.* (15) Aug. 21. 

for the O.* (15) Aug. (17) Aug. (27) Aug. 22; 
40) Aug 

German Locomotive Designs for High Service.* Lawford Fry. (15) Aug. 21. 

The Life Treated Ties.* (15) Aug. 

The New Rock Island Shops East (40) Aug. 21. 

The New Baltimore Ohio Electric Locomotive.* 14) Aug. 22. 

New General Shops Chicago Eastern Ry. 

The Hudson River Tunnel.* (46) Aug. 22. 

Locomotives for the Baltimore Tunnel the Baltimore Ohio Ry.* 

13) 

The Rails. Gennet, Jr. (15) Aug. 28. 

The Illinois Central Improvements—New Lines and Second Track.* (15) Aug. 28. 

The Care Locomotive Boilers. Wells. (Abstract Paper the 
Pacific Coast Ry. Club.) Aug. 28. 

Northern Pacific Consolidation Locomotive.* (40) Aug. 28. 

Concrete Roundhouse and Freight Depot.* (40) Aug. 28. 

Central Railroad New Jersey Composite Box Car.* (40) Aug. 28. 

The Moll Switch Rod and Adjustable Clamp. (40) Aug. 28. 

The Utica Mohawk Valley Railway.* (17) Aug. 29. 

The Albany and Hudson Third-Rail System. (17) Aug. 

The Tools and Methods Swiss Locomotive Works.* Charles King. (9) Sept 

The Railway Town Crewe: The Home the London North-Western Railway 
Charles Lake. (10) Serial beginning Sept. 

Compound with Superheater: 4-6-0 Type, Freight: Canadian Pacific Rail- 
way. 

New Topeka— Atchison, Topeka Santa Railway.* (25) Serial 
beginning Sept. 

The Sheedy Circulating Pipe for Locomotive Cylinders.* 28) Sept. 

Revoluble Car-Dumping Structure.* Erskine Ramsay. (45 Sept. 

ept 

Erection the Atlantic Avenue Improvement Viaduct, Brooklyn.* (14) Sept. 

Des Gares Raccordement entre Chemins Fer Voies Navigables sur Canaux 
Trimestre. 

Emploi d’Enclenchements Provisoires dans les Grandes Gares Pendant les Périodes 

étélement des Cabines Travaux d’Agrandissement Remanie- 
ment Existantes: Dispositions Réseaux Funiculaires pour Réaliser 
les Enclenchements Provisoires Cabine.* Moutier (38) Aug. 

Etude sur Statistique des Avaries Matériel des Chemins 
Fer Allemande. Biard. (38) 

Station Centrale d’Energie Electrique (Aurora, Elgin Chi- 
cago Ry.) (33) Aug. 


. 


(33) 
aux Chemins Fer.* Lorey. (36) Serial beginning 
33) 
Automotrice Vapeur Compagnie Chemin Fer London and South West- 
ern.* Bonnin. (36) Aug. 25. 


Railroad, Street. 


Notes the Construction the Permanent Way Electric Tramways.* Robert 
Bruce, Stud. Inst. (63) Vol. clii. 
Lowestoft Municipal Electrical Tramways.* (26) Aug. 
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Railroad, Street—(Continued). 


Notes the Denver City Tramway System.* (17) Aug. 


Merchandise Electric Tramways. Thomas Upton. (26) Serial beginning 
ug. 14. 

Motor Trucks for the New York Subways.* (17) Aug. 15. 

Electric Tramways Sydney (N. W.) Extensions.* (26) Aug. 21. 

Section Nine Division Three the New York Rapid Transit Railroad.* (14) Serial 
beginning Aug. 22. 

Details Construction the Paris Underground Railway beneath the Place 
(ig) Aug. 22. 

The Interurban System the South Lancashire Tramways.* (17) Aug. 22. 

Cars for the New York Subway.* (17) 22. 

High-Acceleration Electric Railways: Results the Liverpool Overhead Line. Her- 
bert Fyfe. (19) Aug. 22. 

Modern Repair Shop Methods.* Richard McCulloch. (17) Aug. 29. 

The Hudson Valley Railway.* (17) Aug. 29. 

United Traction System Albany.* (17) Aug. 29. 

City, Suburban and Interurban Electric Railway Facilities.* (17) Aug. 


Power Equipment for City Roads.* (17) Aug. 29. 

Standard Practice City Track Construction.* (17) Aug. 29. 

Standard Overhead Construction City Streets.* (17) Aug. 29. 

Standard Practice Rolling Stock for City Service.* (17) Aug. 29. 

ug. 

Schuckert Surface-Contact Street Railway System.* Taylor. (27) Aug. 29. 

The Metropolitan Underground Railway Paris: Construction the North Circle.* 
(13) Sept. 

Report the New York Rapid Transit Commissioners.* (15) Sept. 

Matériel Roulant Manhattan Railway.* Heury Martin. (33) Aug. 


Sanitary. 


The High-Level Sewer the Metropolitan Sewerage District Massachusetts.* John 
Hodgson. (14) Serial beginning Aug. 15. 
Street Cleaning San Francisco. King. paper the Merchants’ Asso- 
ciation Review.) (13) Aug. 20. 
the Distribution Sewage Bacteria Beds. John Thresh and Martin Priest. 
(Paper read before the Sanitary Inst.) (11) Aug. 21. 
Sewage Pumping Plant.* (12) Aug. 21. 
entilating the Shops and Offices the Pennsylvania Steel Company.* (40) 
ug. 21. 
Ground Water Into Sewers. Hazlehurst, Am. Soc. (13) 
ug. 27. 
Cleaning Large Brick Sewer Frederick Ford, Assoc. Am. Soc. 
(From Bulletin the Connecticut Soc. Civ. Engrs.) (13) Aug. 27. 
Large Concrete-Steel Sewer (Cleveland).* (14) Aug. 29. 
Nouvelle Usine des Immondices Ville Bruxelles: Note. 
Leurs. (30) Aug. 
Les Avantages les Inconvénients des Egouts Systéme Unitaire Systéme 
Separatif. (33) Aug. 15. 


Structural. 


the Asphalt Industry. William Henry Delano, Assoc. Inst. 

Nickel Steel for Purposes Construction. Ralph Watson. (58) June. 

Protective Coatings for [ron and Steel. (Report Committee Amer. Soc. for Testing 
Materials.) (40) Aug. 14. 

Soundness Tests Portland Cement.* (Abstract Paper Taylor before Amer. 
Soc. for Testing Materials and discussion Robert Lesley.) (14) Aug. 15. 

Manufactured Marble. (19) Aug. 15. 

Standard Test Bars for Cast Iron. Alex. Outerbridge, Jr. (Paper read before the 
Amer. Soc. for Testing Materials.) (47) 15. 

The Manufacture and Properties Nickel-Steel. Albert Ladd Colby, Am. Soc. 
(Abstract Paper read before the Amer. Soc. for Testing Materials.) (13) Aug. 
20; (14) Serial beginning Aug. 22; (20) Aug. 20; (15) Aug. 14. 

The Works the Lackawanna Steel Company.* (22) Aug. 21. 

The Practical Protection Metal Surfaces Gas Plants. (Paper read be- 
fore the Pacific Coast Gas Assoc.) (24) 

The Manufacture and Properties Lime. Brigham. (13) Aug. 27. 

Concrete Mixing Machines.* Clarence Coleman, Am. Soc. 

13) Aug. 27. 

Pneumatic Caisson Work for the Bank the State New York.* (14) Aug. 

Concrete House Building.* (46) Aug. 29. 

The Uses Concrete Recent Engineering Practice. Samuel Lea, Am. Soc. 
(Paper read before the Scranton Engineers’ Club.) (45) Sept. 
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Structural—(Continued). 


The Influence Variations Water and Sand Cement. 
before the Amer. Soc. for Testing Materials.) (14) Sept. 

New System Seasoning Wood with Saccharine Sugar. (19) 

Métallograpbie Microscopique Son Utilisation Comme Méthode d’Essais.* Léon 
Guillet. (32) July. 

Topographical. 


The Richards Prismatic Stadia Range-Finder. Landis. (2) July. 

Instrument for Stadia Work.* Horace Andrews, Am. Soc. 
13; Aug. 13. 

The Standard and Its Use Surveying.* Edward Riordan. (13) Aug. 27. 

Military Graphics. Charles Larned. (44) Sept.-Oct. 


Water Supply. 


Burraga Dam and Water-Supply for the Company’s Mine, New South 
Wales.* Jobn Haydon Cardew, Assoc. (63) Vol. clii. 

The Cauvery Power-Transmission Scheme. Thornthwaite Hincks, Assoc. 
Inst. Vol. clii. 

(2) July. 

The Gas Engine Pumping Medium. Hastings Irwin. (Paper presented before 
the British Assoc. Water-Works Engrs.) (66) Aug. 

Description New Water-Pipe Scraping Machine. C.Clemesha Smith, Assoc. Inst. 
Paper read before the British Assoc. Water-Works Engrs.) 
(66) 

Protection Gathering-Grounds and Filtration Compared. Delépine. (Abstract 
Paper read before the British Assoc. Water-Works Engrs.) (66) Aug. 11. 

Mexican Water-Power Electric Plant.* (13) 

and Steel Head-Gate the Grand Valley Irrigation Colorado.* Clarence 
Johnston. (13) Aug. 

Experience with Anchor Ice the Detroit Water-Works and Elsewhere. Hub- 
bell, Assoc. Am. Soe. (From the Michigan Technic.) (13) Aug. 13. 

The Raising Water from Deep Wells and Borings Compressed Air.* William 


Maxwell, Assoc. Inst. (Paper read before the British Assoc. Water- 
works Engrs.) (12) Aug. 


Drainage Irrigated Lands. Ernest McCullough. (13) Aug. 20. 

The Water-Works Atlantic City. (14) Aug. 22. 

Concrete-Steei Water Tower near Boston. (14) Aug. 22. 

Surveys for and Their Results. Maury, Am. Soc. C.E. (Abstract 
Paper read before the Water-Works Assoc.) (47) Aug. 22. 

The Staines Reservoirs (London Water-Works.)* (66) Aug. 25. 

Mechanical Filter Plant for the Ithaca Water-Works Company.* (14) Aug. 29. 

Independent Water-Power Development.* (17) Aug. 29. 

Tangential Water-Wheel Efficiencies.* (27) Aug. 29. 

The Method Operation the Philadelphia Filtration Plant.* William Bray. (60) 


Sept. 

The Water-Works Pontiac, Mich.* (14) Sept. 

Depreciation, Applied Water-Works. John Alvord. (Paper read before Amer. 
Water-Works Assoc.) (14) Serial beginning Sept. 

Les Eaux Alimentaires Bruxelloise 1903.* A.Deblon. (30) Aug 


Waterways. 


The Nile Reservoir, Assuan. Maurice Fitzmaurice, (63) Vol. clii. 

Sluices and Lock-Gates the Nile Reservoir, Assuan.* Frederick Wilfrid Scott Stokes, 
Inst. (63) Vol. clii. 

The Diisseldorf Navigation Congress, 1902; and Works Visited the Congress Ger- 
Leveson Francis Vernon-Harcourt, (63) Vol. clii. 

The Obstruction the Navigation Southern Rivers the Growth the Water 
Hyacinth. (2) July. 

The Bush Docks Brooklyn.* (18) Aug. 15. 

Waterway Improvement the Ohio.* William Gilbert Irwin. (46) Aug. 15. 

Methods Measuring Velocity River Channels.* Pressey. (19) 

Des Gares Raccordement entre Chemins Fer Voies Navigables sur les Canaux 

rimestre. 


Congrés International Navigation: Comptes Rendus des Délibérations Congrés. 
(43) Trimestre. 

Des Eléments Constitutifs d’une Voie Navigable Considérés Point Vue 
Capacité Fréquentation Utilisation Matériel Batelierie.* Gustave 
Cadart Barbet. (43) ler Trimestre. 

Sénégal Port Dakar.* Espitallier. (33) Aug. 15. 


(Paper read 
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FILTRATION FOR PUBLIC WATER SUPPLIES, 
WITH ESPECIAL REFERENCE THE 
DOUBLE FILTRATION PLANT 

BREMEN, GERMANY. 


PRESENTED NOVEMBER 4TH, 1903. 


The present rules the German Imperial Board Health regard- 
ing sand filtration comprise number important results concerning 
the building and operation sand-filter works. They are based upon 
the experience many years, collected from the reports twenty- 
six filter works. These rules have been printed full leading 
technical publications the several countries Europe, and also 
America, and reference made some them, connection with 
this description some the characteristic features the Bremen 
filter-works. 

The filtration surface-water satisfactory when the filtrate 
clear, and, regards color, taste, temperature and chemical composi- 
tion, not worse than before filtration, and does not contain more 
than about 100 bacteria per cubic centimeter, when tested according toa 


Chief Engineer the Water-Works Bremen. 

papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mailto the Secretary. Discussion, either orai written, will published 
subsequent number Proceedings, and, when finally closed, the papers, with discussion 
full, will published Transactions. 
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prescribed procedure, including cultivation 20° Cent. for hours. 
The bacteriological examination should made permanent officer 
the works. The possible pathogenic quality the bacteria found 
the filtrate not brought into question this bacterial examina- 
tion, but the method merely means for delicate discrimination 
between the results filtration, and affords very good control the 
operation the filters. based upon the fact that after long ex- 
perience any filtrate which does not contain the usual low number 
bacteria must viewed with suspicion, being inferior 
quality. The figure merely approximate limit the num- 
ber bacteria found satisfactory filtrates German filters. 

The bacteriological examination every filter should made 
daily possible. this not practicable, then daily observations 
should made, accordance with the standard method, least 
the following times: First, for least two days after starting filter 
that has been cleaned, and until the result satisfactory. Second, 
after the loss head due frictional resistance the sand layer 
more than two-thirds the allowable maximum. Third, when the 
head suddenly decreases. Fourth, when high (turbid) water encoun- 
tered. 


Turbidity observations the raw water, and, when necessary, the 


filtrate, should taken. They are quite valuable, because, against 


the bacteriological observations, they give immediate results, and be- 
cause the increase turbidity and the increase bacteria run 
parallel. The observation tube, the apparatus used for this pur- 
pose Bremen, has length about 100 cm. Clear water has 
transparency greater than this length. water allows the mark 
which sometimes results from single filters high water, shows the 

order record the degree clearness indicated this 
apparatus, samples water were compared with series standards 
which clear water made turbid artificially adding known 
weight the slimy matter mud scraped from the surface dirty 
filters, after eliminating those portions which subside quickly. 
This gave the results shown Table No. 

Concerning the preparation the turbidity standards, 
remembered that parts per million correspond milligrams per liter, 
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hence the figures the second column Table No. show the num- 
ber milligrams mud added one liter water. 
TABLE No. 


DEGREES CLEARNESS WATER. 


Degree clearness. Parts mud per million water. 


More 100. Perfectly clear water. 

80 2.8 
3.7 
4.8 
6.5 

100 


The number bacteria the raw water the Weser, which nor- 
mally about 1000 2000 per cubic centimeter, but often only 


few hundreds, increases high water, such occurs regularly once 


twice the fall and once twice the spring, 100 000 per 
cubic centimeter. 

preparation riyer waters for filtering, preliminary sedimen- 
tation settling basins, operated either intermittently contin- 
uously, may used with success. The result equally good both 
cases. Smaller settling basins are required for continuous than for 
intermittent operation. Frost has deciding influence upon the 
operation open settling basins. 

not generally admissible reduce the otherwise necessary 
area filters account the introduction settling basins. 
Therefore, the cost, due the interest the investment for the set- 
tling basins, often exceeds the expected advantage, and will 
more useful spend the capital saved the omission these basins 
increase the area the filters and apply slower rate filtration. 

filters which are carefully provided with sand layer even 
grain, and through which the flow water regulated according 
the best means known the art, process cleaning takes place 
analogous that which Nature produces the highly praised spring 
water, and justly praised, if, its formation, passes through nat- 
ural earth filter sufficient uniformity material and sufficient 
capacity. 
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sand filtration ever justly blamed account imperfect 
operation, the explanation found errors originating 
insufficient knowledge the nature filtration. The filtering me- 
dium, the basin filled with sand, not the sand per se, but the slimy 
coating (Schlammdecke) which deposited upon and between the grains 
the upper layer sand. 

The favorable interaction bacteria and the organisms con- 
suming and producing oxygen, should also mentioned. The bac- 
teria are parts the slimy coating which are most effective for the 
filtration. Their work must done the uppermost layer, and re- 
quires, the first place, slow filter velocity. for the most 
part, then, accomplished the upper portion the sand layers, 
from mm. thickness, and the lower layers are thus safe- 
guard. 

Bremen, and most cities Germany, 100 mm. per hour 
assumed the limit filter velocity; but this rate reached only 
during the few days maximum delivery, when the reserve filters are 
out service account cleaning. Hamburg the filter areas 
have been computed for maximum velocity mm. per hour. 

only the uppermost portion the sand layer used biolog- 
ical filter, decreasing intensity downward direction, and assum- 
ing slow filtering velocity, then there the guaranty that any 
bacteria escaping through the upper layers will still retained the 
lower layers. 

The foregoing process filter for drinking-water, because 
the main biological one, has not unlimited effectiveness respecting 
the number bacteria removed. Based oninnumerable observations, 
necessary assume that aripe filter, provided with 
can completely free raw water certain quantity bac- 
teria and turbidity. order get approximate idea what 
meant certain quantity bacteria, will assumed that 
there are 000 per cubic centimeter the raw water. The result 
filtrate with fairly low and constant number bacteria. the 
raw water contains much greater number bacteria than mentioned 
above, the number the filtrate longer constant, but rises and 
falls proportion the number the. raw water. The essentially 
different behavior the filter, whether receiving good moderately 
good raw water the one hand bad raw water the other hand, 

must carefully distinguished. 
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This fact presented most clearly marking diagram, 
ordinates, the numbers bacteria the raw water and the filtrate. 
then readily seen that, long the raw water has not very 
large number bacteria, the bacteria curve the filtrate practi- 
parallel with the zero line, and does not follow the irregularities 
the raw-water bacteria curve. After observing this fact for many 
years, one becomes convinced that, within the above-mentioned limits, 
the number bacteria the filtrate stands relation the num- 
ber the raw water. While the bacteria the raw water have been 
completely removed, those the filtrate have entered subsequently 
and accidentally. 

filter bed filled with clean sand not apparatus which could 
called filter, the sense drinking-water purification. Only 
the so-called there formed the filter which suit- 
able retain the bacteria and the often still smaller particles clay. 
This improved faculty retention, inherent filter that has been 
use for some time, called 


From what has been said, the slimy coating originating during 


filtration must guarded from destruction with all care. Therefore, 
interruptions operation and sudden changes the filter velocity 
must avoided. The increasing accumulation slime and mud 
makes necessary, however, clean the filter after due time, 
that is, necessary remove any coating which will not readily 
pass the water. doing this, after the water the filter has 
been drawn off level which indispensably necessary for clean- 
ing, only the uppermost and visibly the most dirty layer, ranging 
thickness from mm., and sometimes even more, removed. 
After the removal this layer the sand smoothed down, the filter 
supplied from below with filtrate until this well covers the sand, and 
then raw water again admitted from above. The filter not aerated 
longer than the time required for the process cleaning. 

After such cleaning the quantitative capacity the filter 
recovered, but the qualitative work, because depends upon 
the existence the slimy coating, lessened entirely destroyed. 
more care given such cleaning the less will reduction 
the effectiveness the filter relative quality, because the biological 
filter, formed the process filtration, usually extends greater 
depth sand, although with decreasing intensity, than that which 
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removed. The coherence the bacterial mass beneath the removed 
layer must not disturbed. expedient, therefore, that the men 
stepping upon the sand provided with wooden shoes having broad 
and perfectly flat soles. The removal sand cleanings con- 
tinued until the remaining depth approaches the allowable minimum, 
which, for reasons security, taken 400 mm., although the bio- 
logical filter does not extend deep. Then the filter refilled, 
its maximum thickness, with the sand, which, the meantime, has 
been washed. 

the biological filter has been impaired cleaning, and entirely 
obliterated refilling, necessary view the first filtrate after 
these proceedings being inferior quality and suspicious. The 
proof thereof given the bacterial examinations, and is, indeed, less 
distinct after cleaning than after refilling, because after the former 
some ability for proper filtration has remained. The filtrate from 
new filter, from one that has been refilled, and from one that has been 
cleaned scraped, should remain separated from the water delivered 
into the supply until the baterial examinations show favorable results, 
but least hours, should previous observation the special 
conditions allow this time thus shortened. The latter refers 
especially scrapings. The worst water does not appear immediately 
after starting the filters, but about hours later, according what 
may the first velocity filtration, because the filter still contains 
its lower layers some the good water the previous period, and 
because was refilled with filtered water from below. 

new refilled filter, even ripe filter, may deliver poor 
filtrate during floods. 

order avoid filtrate that suspicious inferior quality, 
two ways are possible; local conditions should decide the preference. 
One way allow the filtered water run waste. This may 
the right way the raw water flows upon the filters gravity, and, 
during all seasons, sufficient quantity permit this waste 
material percentage the supply. The other way filter the 
suspicious filtrate second time; that is, enter raw 
water upon another ripe filter. never error, and 
many cases such advantage that almost appears necess- 
ity; for instance, when the raw water must pumped the filters, 
when the available quantity water limited and requires saving, 
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the second filtration the cost pumping saved, but would 
lost the pumped water had wasted subsequently. There 
further saving cost, because the filtrate, which has already passed 
through filter once, even though the water does not conform the 
highest hygienic requirements, has been deprived the coarser 
impurities, that the second filter receives only small portion 
the impurities which clog the sand layer. more economical, 
therefore, refilter this water than purify the same quantity 
raw water. 

Whether not double filtration used, special attention should 
paid every case the regulating apparatus. Automatic regula- 
tion the best. These devices the Bremen Water-Works have 
been gradually improved, and their present form have been tested 
for years. Fig. Plate XLVI, shows the balanced valve and other 
features appertaining the regulation the raw water flows 
the Bremen filters. Fig. Plate XLVI, shows the devices for the auto- 
matic regulation the flow filtered water, which may described 
briefly follows: 

the well into which the filtrate flows bent tube, the hori- 
zontal arm which leads the clear-water reservoir, and the 
vertical arm which, bent upward, bronze pipe suspended 
floats working telescopically. The filtered water flows into the bronze 
pipe over adjustable weir. The depth water flowing over this 
weir constant during oscillations the water surface, but the over- 
flow edge the bronze pipe rises and falls with the floats. With this 
arrangement water flows out the regulating chamber independently 
the absolute height water it, but its quantity corresponds 
the adjusted height the weir. follows that the difference between 
the surface the raw water and that the regulating chamber (in 
other words, the filter head) will always adjust itself the necessary 
quantity. When the filter head too great, more water flows into the 
regulating chamber than out it, and the floats rise. When the head 
too small, less water flows into the chamber, and the floats fall until 
the true head has been obtained automatically. When the surface 
the raw water the filter rises falls, the water surface the 
chamber changes correspondingly. The pressure head, therefore, 
remains constant, and independent oscillatious the raw-water 
surface. the clogging the filter, and therefore the resistance 
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the same, increases, the pressure head rises uniformly. Both this 
head and the filter velocity may read from scales the regulat- 
ing chamber. order prevent injurious friction, the apparatus 
the regulating chambers must designed and constructed with 
much care. 

The main advantages thése automatic regulators are: That they 
secure the greatest possible uniformity the operation the filters, 
and, therefore, their qualitative efficiency; that oscillations 
the raw-water level, not avoided the operation the fil- 
ters, have influence whatever upon the regulation the filters; 
that the regulating chambers need visited but rarely; and that labor 
saved. 

For the second filtering Bremen, according the writer’s sys- 
tem (see Fig. Plate the several filters are connected 
siphons, one leg which the regulating well for the effluent 
water one filter, while the other leg the raw-water compart- 
ment the adjoining filter, and the top head the siphon higher 
than the highest possible water level. means water ejector, 
vacuum created the siphons. air-valve makes possible 
unite the inside the siphons with the outside air, and therefore offers 
easy and reliable way breaking the siphonic action. When 
valve the siphon open, every filter connected with single 
filter, and used such for most the year. After refilling 
cleansing, the filter used for short time preliminary filter, that 
is, the filtrate with natural descent flows into the raw-water chamber 
neighboring filter, the water level which kept somewhat 
lower. The siphons are inserted such manner that the filtrate 
one filter may led upon one the other the neighboring fil- 
yet ripe. 

will noted that Bremen the filters are open. For condi- 
tions where long periods severe cold prevail, they should covered. 

the effect double filtration, there given series 
five tables (Tables Nos. 6), containing results actually accomp- 
lished the Bremen filter-works, and showing the improvement 
the filtered water resulting from the second filtration times when 
ordinary operations are more less interfered with frost open 
filters, and when the filters are scraped during periods high and 
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turbid water the river. The more essential details, descriptive 
the actual conditions under which the data were obtained, are given 
for each the tables. 


Following the tables are deductions based general experience 
Bremen. 


TABLE No. 


INFLUENCE UPON BACTERIAL EFFICIENCY, WITH 
THE WHEN OPEN FILTERS ARE AFFECTED 


BACTERIA PER CENTIMETER. 
Date. filters. final filter. 
Filter No. Filter No. IV. Filter No. 
February 650 920 
950 1 000 144 8 
280 90 25 
925 540 Scraped. 
1 875 276 13 46 
2 825 280 114 50 
3 000 186 196 63 
2 550 174 224 46 
2 300 136 134 34 
1 800 7 84 45 
2 800 52 | 86 36 
6 000 62 82 42 
11 300 vi 110 29 
12 500 ve 150 31 
8 200 vi 126 82 
a 76 114 53 
7 650 46 86 30 
8 900 46 54 31 
7 100 50 56 29 
7 600 49 16 16 
16 900 48 62 2 
18 2 40 80 20 
14 600 46 330 30 


Regarding Table No. itis stated that the 
Nos. and IV, are preliminary filters, through which the water was 
passed first, and their combined area filtering surface was 320 
sq. m., the thickness the sand layer being from 850 950 mm. 
Filter No. III, through which the water was filtered the second time, 
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had area 650 sq. and thickness sand layer 140 mm. 
Filter No. was out service from the 8th the 23d February,on 
account excessively cold weather. The rate filtration Nos. 
and IV, the preliminary filters, was about and mm. vertical drop 
per hour, respectively, and No. III, the final filter, about 200 mm. 
The loss head Filter No. during this period from 
and Filter No. from 65cm. Filter No. was 
scraped March after which the loss head increased from 
Filter No. the final filter, was scraped March 3d, and 
the loss head during this experiment remained about cm. 


TABLE No. 


SHOWN THE CONTENTS AND DEGREE 
CLEARNESS THE FILTERED WATER. 


EFFLUENT PRELIM- EFFLUENT FINAL 
Raw WATER. INARY FILTER. FILTER. 


Bacteria Bacteria Bacteria 
per cubic Degree per cubic Degree per cubic Degree 


centi- clearness. centi- clearness. 
meter. meter. 


1895. 
March 


Regarding Table No. may said that Filter No. was scraped 
March 19th, and its effluent thereafter was filtered through Filter 
No. VIII. Filter No. the preliminary filter, had area 160 
from 65to 80mm. Filter No. VIII, the final filter, had area 


1310 sq. m., layer 700 mm. thick, and the rate filtration 
ranged from mm. 


730 
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Each the two filters used securing the data recorded Table 
No. had area 650 sq. 


TABLE No. 


SHOWN THE BACTERIAL CONTENTS AND DEGREE 
THE FILTERED WATER. 


Raw WATER. PRELIMINARY FILTER. FINAL FILTER. 
| 
Date. Bacteria Bacteria Bacteria 
per cubic Degreeof per cubic Degree per cubic Degree 
centi- clearness. centi- clearness. centi- clearness. 
meter. meter. meter. 
1896. 
March 950 Clear. Clear. 
2 400 56 150 %6 


The filters were reversed double filtration, that is, the effluent Filter No. 
was turned Filter No. (above the sand), instead into the clear-water reser- 
voir, and the raw water was shut off the latter. 


16 900 6 616 60 60 05 
19 500 7 610 63 55 
es 10 100 9 620 65 84 = 
9 000 16 155 87 
| SE 4 200 22 95 95 24 ” 
1 650 40 38 20 
ee 1 400 48 49 = 23 a 


Double filtration was discontinued, the effluent Filter No. flowing the 
filtered-water basin instead the water space above the sand Filter No. raw 
water was applied Filter These changes were made without any interruption 
filtration, the case either filter. 


March 28........ 000 Clear. Clear. 


With the filters used connection with Table No. Filters Nos. 
and XII, the preliminary filters, had combined area 320 sq. 
m., and Filter No. IX, the final filter, area 1600 sq.m. The 
rate filtration the preliminary filters ranged from 100 mm., 
and, the final filter, from 135 150 mm. The loss head Filter 
em. Filter No. IX, the final filter, was about cm. when 
secondary filtration was undertaken it, and this head did not 
increase during the experiment. 
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SHOWN THE CONTENTS AND DEGREE 
THE FILTERED WATER. 


(Two Preliminary Filters and one Final Filter.) 


EFFLUENT EFFLUENT 
FILTER. FILTER. - 
1896. | 
The filters were reversed double filtration. 

| eee 23 100 3h 660 39 2 840 35 223 97 
eres 16 900 6 416 53 616 52 84 
| 19 500 q 770 50 670 49 92 95 
ee 11 300 14 245 %2 245 76 52 Clear 
We. 4 200 22 90 80 190 94 44 = 
2 260 32 44 106 54 
1 400 48 188 100 28 

Second filtration interrupted 


With regard Table No. stated that, while the water 
the river this period was high, turbidity was present the 
effluent either the preliminary final filters. Filter No. VI, the 
preliminary filter, had area 160 sq. and thickness sand 
layer 1120 mm. The sand itself was fine and even grain, 
that the surface the layer could made very smooth. Filter No. 
VII, the final filter, had area 160 sq. m., and thickness sand 
layer 485mm. The sand was coarse and less even grain, that 
the surface was less smooth than the case the other filter; 
consequently, the preliminary filter, with its finer sand, had thicker 
than the final one. will noted that the prelim- 
inary filter worked badly two occasions, due cleaning, and also 


j 
wh 
q 
aR 
q 
| 
1 


FILTRATION WATER. 


[Papers. 


two occasions, due high water, namely, for the several days begin- 


ning December 5th and beginning December 17th. 


TABLE No. 


ScRAPING, SHOWN THE CONTENTS THE 


EFFLUENTS. 


BACTERIA PER CENTIMETER. 


EFFLUENT 
PRELIMINARY 
FILTERS. 


Date. Raw water. 


Filter No. VI. 


800 Scraped. 
300 
750 
025 
005 
1 325 45 
875 | 20 
080 
100 
950 23 
000 
2 9 600 96 
3 29 000 105 
4 89 200 130 
5.. 38 300 525 
6.. 35 600 885 
oo 17 200 165 
600 100 
6 400 75 
000 
400 
400 Scraped 
400 290 
000 115 
100 115 
600 
11 100 135 
300 240 
500 105 
6 600 134 
3 720 49 
600 


EFFLUENT 
FINAL 


Filter No. 


_ 


— 


Referring the data Table No. pointed out that 
the effect filtration rested only upon mechanical process, then 
those bacteria which passed through the thicker schlammdecke 
and through much finer sand would also have gone through the 
coarser final filter. That this was not the case surely irrefut- 
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able proof that,not the depth sand the size the grains, but the 
biological process, caused the final effect. 

The fact noticed Bremen every occasion, that double filtra- 
tion removes the fine clay which had passed the first filter, and 
well known that such cases complete clarification without 
filtration and without chemical means impossible. also known 
that bad cases simple filtration fails. Raw water, which, for 
instance, was turbid that the mark the measuring apparatus 
could seen only distance from and which with 
single filtration could seen for about cm., and was opalescent, 
was improved double filtration, that the mark could seen 
distance 100 cm., the greatest length the apparatus, corre- 
sponding perfectly clear water. 

Double filtration gives another very instructive example, and 
shows that under normal conditions the bacteria from the effluent 
filter are altogether independent the number contained 
the raw water, where the filtrate the preliminary filter the raw 
water the final filter. perfectly satisfactory filter was used 
final filter for one that had likewise been used for some time. The raw 
water for the preliminary filter contained average about 000 
bacteria per cubic centimeter, and was changed into filtrate contain- 
ing about bacteria per cubic centimeter. The filtrate, therefore, 
contained about 1.33% those contained the raw water. was 
then filtered second time, very uniform speed for about days, 
and contained about bacteria per cubic centimeter. 
filtrate therefore contained 150 175% those contained the water 
delivered the preliminary filter. Accordingly, the filtrate from the 
double filter would worse than that from the single filter, while, 
fact, the water filtered twice could only better. seems hardly 
possible have clearer proof than this that constant low number 
bacteria, and not percentage reduction, should used 
demonstration the effective work filter. 

the other hand, considering the operation filter with 
extraordinarily bad water, containing many bacteria and being very 
turbid, found that constant number bacteria for the filtrate 
can longer counted upon. the long, flat curve representing 
the number bacteria the filtrate, there very perceptible 


=A 
7 


784 FILTRATION WATER. [Papers. 


irregular movement, rise and fall analogous the rising 
the bacteria the raw-water curves. Here the number bacteria 
the filtrate can expressed temporarily percentage the 
number contained the raw water. 

filtrate which characterized noticeable irregularity 
the otherwise fairly horizontal bacteria curve should permitted 
the water supply, but should considered suspicious water and 
filtered second time. 

very noticeable phenomenon accompanying the high number 
bacteria contained the filtrates from flood water, and very im- 
pressive sign its inferior quality, the slight turbidity, the 
opalescence the filtrate obtained from very turbid yellow river 
water. not difficult separate such imperfect filtrate from 
the other water intended for distribution, the cause for such im- 
perfect filtrate known, which generally the case. general, 
these periods opalescent water are noticed after the cleaning 
filter, after refilling with clean sand, and when the raw water 
worse than normal. During these three different periods should 
make use possibility, hitherto little used, enable the single 
filters large plant mutually support each other, filtering 
once more the filtrate obtained after single filtration, case not 
perfect. 

important, will recognized once, from what has been 
stated, that the filter which used the final filter should have 
water having received preliminary filtration contains only few 
those elements which produce and therefore 
unsuitable transform bed filled with clean sand into biological 
filter. Therefore, the writer holds necessary, and justified 
doing the success obtained Bremen, that only filters which 
have been operated with raw water can used final filters. 

Granted the theory right, that ripe filter with certain filter- 
ing velocity can completely purify raw water containing definite 
amount impurities, might then said that should possible 
just completely purify worse raw water correspondingly 
reducing the filtering velocity. This true, but simple computation 
will show that the possibility reducing this velocity practice 
soon reaches end. 
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The area the filter surface which should suffice for double filtra- 
tion must determined from the special conditions the country 
and the stream where filtration required. Germany, particularly 


Bremen, the Lower Weser, stream which carries very variable 
water, and several times spring and fall brings very turbid 
water the pumping station, the filter area required for the greatest 
summer consumption with single filtration sufficient double 
filtration, because during high-water periods spring and fall the 
rate water consumption much smaller than the yearly maximum. 

Generally speaking, for double filtration necessary compute 
the filter area, first for the maximum delivery with single filtration 
and then for the possible maximum times high water. 
the two areas should chosen. correct introduce into this 
calculation different filter velocities for single double filtration; 
namely, for the single filtration 100 mm. per hour, and for the 
double about 100 mm. more per hour, depending upon special 
considerations. Bremen was found that, with velocity 200 
250 mm. per hour, the final filters occasionally did favorable work. 

will never necessary have much twice the area for 
double for single filtration, and always possible obtain 
considerable advantage, even the filter area not increased all, 
that is, second filtration effected only those times when the 
area really available therefor, when the consumption low 
after cleaning and refilling; for which purposes, any event, reserve 
areas must available. 

double filtration all secured that can reasonably expected 
from water purification, and chemical assistance superfluous, 
the discoloration caused humic combinations, which should dis- 
tinguished from turbidity, cannot wholly removed; filtrates from 
peaty water will retain slight brownish color unless chemical means 
are used. The writer has preferred retain the color the filtrates 
were perfectly clear. 

Bremen the water formerly filtered single filtration con- 
tained during every flood 000 000 bacteria, instead the per- 
missible 100, and was quite turbid besides. Since the introduction 
double filtration the city receives, also during floods, clear 
filtrate with not more than about 100 bacteria per cubic centi- 
meter. Because double filtration follows single filtration, the final 
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filters are always best condition for effective filtration, that is, 
they are The entire filter area very thoroughly utilized, 
because summer large consumption is. coincident with small 
bacterial content, and the entire filter area can used for single 
filtration secure the full hygienic effect; while during fall and 
spring the more difficultly filtered raw water coincident with 
smaller consumption, allowing, therefore, account the more ample 
area, part the filter area used preliminary and the remain- 
der final filters. Bremen, the new area, designed the year 1892, 
for single filtration, did not have enlarged when 1895 double 
filtration was introduced. 

All existing filters are continuous service, including the 
reserve filters. The difference the quantity water consumed 
met careful change the filter velocity, far the 


clear-water reservoirs are not capable compensating for these 
variations. 


The maximum yield filtered water was 2.4 cu. hours per 
square meter filtering surface. The average yield for the year 
1900-01 was 1.54 cu. m., and the year 1901-02, 1.67 cu. 

The filtering periods between consecutive cleanings range from 
minimum, atime high water, about days maximum 
about 120 days, the average being about days. During the 
maximum periods the filters are generally used for quite 
final filters, during which the loss head increases very little not 
all. 

The loss head directly after cleaning about cm., and 
increases until the end the period about cm. 

each cleaning there removed from cm. sand; that is, 
the case filter having surface area 200 sq. m., the total 
volume sand removed ranges from 36, and averaging cu. 
working hours. 

The sand not transported from the filter the sand-washer 
the time scraping, but moved some other convenient time. 
similar manner, the washed sand transported from the washing 
plant the clean-sand pile convenience allows. 

Sand-washing facilities, with storage areas, must provided filter- 
works. Bremen, washers the revolving-drum typeare used. The 
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wash-water operates (patented) water motor which drives the drums 
and the sand elevator. The general arrangement the plant, which 
was designed the writer, shown Fig. Plate 

washing the sand with this newest sand-washer, the services 
one man are necessary. washes one hour cu. sand, using 
volumes water volume sand. This record the water 
used includes, not only that used the washer itself, but also that 
necessary for turning the wash-drum and operating the sand- 
elevator. The pressure the water used for washing from 

The injector system washing, used some places England 
and America, also Hamburg, requires cu. water for 
sand. The larger consumption water this case due 
the fact that the water and sand move the same direction, while 


the advantage the drum washing due the fact that these direc- 


tions are opposite. The advantages formerly accredited the injector 
system, namely, that only the wash-water was required for them, that 
they could easily decentralized, and that, therefore, there was 
saving the transportation sand, are now exceeded the system 
drum washing, because the quantity water which must 
brought the site through pipes much smaller. 

refilling filters with the clean, washed sand, including the 
transportation from the clean-sand pile the filter and spreading 
upon the latter, there are required for each cubic meter sand from 
hours’ labor for one man. 

The entire operation the filters, consisting cleaning, refilling, 
sand washing, and expense for double filtration, costs Bremen, for 
filtered water, annually, 0.166 pf. ($1.52 per million 
gallons). The entire annual cost the water, including maintenance 
the distribution system, which for German conditions quite elabo- 
rate, including also interest and sinking fund, which together are reck- 
oned 8.4 pf. (2.1 cents) for cu. delivered into the high- 
level reservoir, about $75 per million gallons. The wages 
common laborer are 3.5 marks ($0.84) per day. 
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DOCK IMPROVEMENTS LIVERPOOL. 


PRESENTED NOVEMBER 1903. 


This paper, which describes the works now progress connec- 
tion with the construction new deep-water entrances Brunswick 
Dock, Liverpool, has been written the belief that comparison 
English and American methods dock construction will 
interest the membership the American Society Civil 
Engineers. 

Anthony George Lyster, Inst. E., Engineer-in-Chief the 
Mersey Docks and Harbour Board, responsible for the design, 
which being carried out under his direction, the writer acting 
Resident Engineer. 

will seen from Plate XLVIII, the Liverpool Dock Estate con- 
sists two independent dock systems, the southern system being 
served eleven entrances from the river. 

having been decided remodel the southern system the 
construction new deep-water docks and the deepening some 
the existing docks, new deep-water entrances became part the 
scheme, will obvious, reference Table No. that the 
sent mail the Secretary. Discussion, either oral written. will published 


subsequent number Proceedings, and, when finally closed, the papers, with discussion 
full, will published Transactions. 
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existing river entrances, with the exception the Herculaneum, are 
only suitable for comparatively small and shallow vessels, and are 
quite inadequate provide means access for the large type 
cargo steamer now vogue. 

The scheme reconstruction (see Plate XLIX), for which Act 
Parliament was obtained 1898, includes, brief, the construc- 
tion deep-water entrances the Brunswick Dock; the 
the Brunswick Dock and the underpinning its walls order 
that may used half-tide dock, vestibule the recon- 
structed system; the construction branch dock the south end 
the Brunswick Dock; the construction single-story shed 
the east quay the Brunswick Dock; the reconstruction the pas- 
sage between the Brunswick and Toxteth Docks; the widening and 
deepening the passages between the Brunswick and Coburg Docks 
and the Coburg and Queen’s Docks, respectively, and the deepening 
the Coburg Dock between these two passages; the straightening 
the north quay the Coburg Dock; the deepening the Queen’s Dock 
and the construction the west side graving dock and two 
branch docks with double-story sheds; the widening and deepening 
the passage between the Queen’s and Wapping Docks; and the con- 
struction two branch docks with double-story sheds the west 
side the Wapping Dock. 

The work done has been follows: The east quay the Brunswick 
Dock has been underpinned; the north quay the Coburg Dock has 
been straightened; the passages between the Brunswick and Coburg 
Docks, and the Coburg and Queen’s Docks have been widened and 
deepened, and the southern branch dock the west side the 
Queen’s Dock has been completed. 

the present time, addition the new river entrances, the 
north branch dock and graving dock the west side the Queen’s 
Dock are course construction. 

consequence the last-mentioned works, the north and south 
entrances the Queen’s Half-Tide Dock, which have width 
and ft., respectively, and sills laid ft. ins. below and copings 
ft. above datum, are permanently out commission. 

The river entrance the Brunswick Half-Tide Dock has also been 
withdrawn from use, far the southern system docks con- 
cerned, this dock now used solely repairing dock the 
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Mersey Docks and Harbour Board, and has connecting passage 
with the Brunswick Dock. 

the completion the works involved the present scheme, 
the southern system docks will served the entrances from the 
river, shown Table No. 


TABLE No. 


Copings 
Width 

Sill below hollow 

datum. 
Brunswick Lock (350 ft. long), South............... 


The new entrances have the additional advantage allowing 
vessels passed and from the docks for much longer period 
during each tide than was formerly the case. 

Any loss water which may take place under the new conditions, 
through locking, and neap tides, made good pump- 
ing from the river with three 56-in. centrifugal pumps, the pumping 
station being situated the southwest corner the Coburg Dock. 

The new entrances, consisting two locks, run northerly di- 
rection from the river and acute angle with the general line 
the river wall. This the direction now generally adopted Liver- 
pool being the most suitable for passing vessels between the docks 
and the tideway. 

The eastern lock 350 ft. long, between centres hollow quoins, 
and 100 ft. in. wide; and the western lock 240 ft. long, between 
centres hollow quoins, and ft. in. wide. 

The level the gate sills both locks ft. below datum, 
and ins. are deducted account the gate-closing chains, which 
cross the sills, the working depth ft. below datum. compar- 
ing the working depth with the figures given Table No. will 
seen that there minimum depth ft. water the sills low 
water spring tides. 
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The level the coping ft. above datum, the lock floors and 
gate platforms being laid level ft. ins. below datum. 

The island between the locks varies width from ft. the river 
end ft. the dock end. longitudinally through the 
island and side walls there are levelling culverts, which will also serve 
for sluicing purposes. See Fig. Plate 

There are two pairs gates each lock, the operation opening 
closing any pair occupying about two minutes. The hydraulic 
power for gate machinery, obtained from the Boards’ own 
mains, under pressure about 800 lbs. per square inch, the diameter 
the pressure pipes being ins. and the return-water pipes ins. 

The gate recesses, Fig. Plate LII, are corbelled over, the coping 
the corbels being set the the walls the locks. 

the back and parallel the side-walls are retaining walls (see 
Fig. Plate LIT), the intervening space being filled forma 
continuous terrace, ft. wide, the roadside which are orna- 
mental cast-iron railings. 

These terraces have been formed with the object giving greater 
facilities, the docking modern vessels, than would obtain the 
copings had been constructed the ordinary quay level, ft. 
above datum. 


Steel drawbridges give pedestrian access and across the island. 

The datum level referred throughout this paper ft. ins. 
below ordnance datum. The following are particulars the average 
levels certain tides, etc., with regard this datum: 


Average high-water mark ordinary neap 


Average high-water mark ordinary spring 


Average high-water mark equinoctial 
extraordinary high-tide, January 20th, 


Average low-water mark ordinary neap 


below datum. 
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Average low-water mark ordinary spring 


tides, excluding equinoctial tides....... ft. ins. below datum. 
Average low-water mark equinoctial spring 


not anticipated that during the construction the entrances 
will necessary run dry any the adjoining docks for the pur- 
poses of, connection with, the works; the water being maintained 
the ordinary working level. 

was known, however, that these docks might have run dry 
some time during the progress the work, for repairs gates, 
walls, etc., and the possibility this was mind and provision 
made against all risks damage arising therefrom. 

During the progress the work, when artificial light required 
for any length time, illumination obtained ordinary gas lamps, 
and other cases the Lucigen type portable lamp. 

The site the new entrances had formerly been used for ship- 
building and repairing purposes, and the old river wall had been 
carried average level about ft. above datum. There 
was also old entrance the wall leading small dock. 

Before commencing the work proper was necessary raise tem- 
porarily the river wall (see Fig. Plate prevent the tide from 
flooding the works. The reconstruction the northern portion 
this wall was part the scheme improvement, and was decided, 
therefore, proceed with this The line the new 
wall being about front the old wall, the latter was faced 
with concrete that extent, and the work reconstruction completed 
raising the whole concrete the level ft. ins. above 
datum. the reconstruction the river wall, staging, forming 
crane and wagon road, was erected about ft. behind the line the 
back the new wall. 

From the south end this staging, temporary railway was laid 
the Brunswick Dock, where gravel, for concrete, was dis- 
charged; branch line was also laid the cement stores. 

enable the faced portion the reconstructed wall put in, 
trench was sunk front the wall, and for pumping this out hand 
chain-pumps were used. 

For timbering the trench, ordinary vertical poling boards with deal 
walings were used, the latter being strutted the old wall. 
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For bonding the new concrete with the old wall, dovetailed 
pockets, ft. wide the face, ft. ins. wide and ft. 
ins. deep, were cut vertically the old masonry, ft. apart. 

Soldiers” and shutters were used moulding the concrete 
the face the wall, and, the back, the altar-courses were formed 
with 

Simultaneously with the reconstruction the river wall, the work 
sinking the pump-well was hand. Chain-pumps having four sets 
reels, with buckets ft. long, were used, the reels being arranged 
work independently together. The site selected for the pumps 
was the northwest corner the 80-ft. lock. 

Anticipating that the general foundation level would about 
ft. ins. below datum, the well was sunk additional depth 
ft., being thought that this would ample for all drainage pur- 
poses. 

The engine and boilers for driving the pumps were placed the 
rear the trench for the west wall the 80-ft. lock, sufficient 
distance beyond the angle natural repose, taken from rock level, 
prevent the possibility the engine foundations being affected 
any fretting the ground caused trenching operations. 

The power was transmitted the reels means shaft made 
sections with claw couplings, which allowed for settlement 
the intermediate bearings without undue strain the shaft. 

The chain-pump well was sufficiently large enable the whole 
the framing carrying the reels, etc., put before commencing 
the general excavation, being intended that the original framing 
should remain without alteration until the completion the work. 

The intermediate bearings the shafting were carried needles, 
supported piles braced longitudinally and laterally, those piles 
coming the wake the trench being underpinned and legged 
the work trenching proceeded. The water from the pumps was 
discharged into the river, distance 380 ft. 

From the south end the reconstructed wall, and extending south- 
ward along the old making-up dam was formed concrete 
blocks raise the level ft. above datum. The wall was brought 
which lay the blocks. 


Blocks which had been used previously other works were then 
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built courses, with mortar and brown-paper joints, and, when 
these were used up, other blocks were formed position placing 
shutters across the empty spaces between the headers and filling 
with concrete, the bed and sides forming the moulds being well greased 
prevent adhesion. 

For setting the concrete blocks, staging, forming crane road, 
was erected the back the old wall. This road was also connected 
the railroad leading Brunswick Dock. The blocks were there 
discharged into wagons from flats and conveyed the required posi- 
tions way the above railroad. 

The entrance the small dock, previously referred to, was closed 
horizontal whole-balk timbers, arranged form dam, the seams 
being caulked. 

timber dam was also placed gap forming entrance 
old repairing slip, vertical deals, 3ins. thick, with caulked seams, being 
spiked walings spaced suit the water pressure. 

The method disposing the excavated material was sending 
seain the Board’s steam hopper-barges. The distance, the sail- 
ing line, the dumping site about statute miles, the round trip 
occupying about hours. 

The hoppers loaded the river tips sailed each tide, those loading 
dock every alternate tide. End-tip wagons, holding about cu. 
yds., were used conveying the excavated material from the filling 
site the loading berths, the wagons being hauled the neighbor- 
hood the tips means horses and tipped galloping out.” 

The east wall the 100-ft. entrance and the west wall the 80-ft. 
entrance were constructed trenches, and, after their completion, 
the general excavation was removed and the island constructed. 
minimize the risk the trenches being flooded, was considered 
advisable terminate them distance about ft. from the old 
walls, 

anticipated, from borings taken prior the commencement 
the work, rock was found the east trench about ft. below datum, 
ft. ins. above.foundation level. The material was removed from 
this trench means skips, having capacity cu. yds., which 
were raised means 5-ton steam-locomotive cranes working both 
sides the trench. 


Parallel the crane roads were full and empty wagon roads con- 
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nected loops, these roads leading double tip-head the Tox- 
teth Dock, where the excavated material was loaded into hoppers. 
The roads were laid out follows: Centers crane roads, ft. from 
the side the trench; centers near and far wagon roads, ft. and 
ft., respectively, from the side the trench. 

Owing irregularities the surface the ground, and the limited 
space available for crane and wagon roads, the excavated material from 
the south end the west trench was removed means steam jen- 
nies, the wagons being raised directly from the trench and run the 
river tip-heads. 

the north end this trench the excavated material was removed, 
the east trench, means cranes, the skips being tipped directly 
into hoppers berthed the Brunswick Dock. 

The trenches were commenced level ft. above datum, 
which level the crane roads, were laid, both trenches being ft. 
wide over all, the top setting the deals. The shores and walings 
were pitch pine, ft. square, with walings ft. apart, the struts 
being placed 12-ft. centers. The deal runners were ins. thick, and 
ft. long, the top waling being placed ft. below the surface 
level. 

The width thetrenches the top was arranged that, when rock 
was met the expected level, ft. below datum, there would only 
about ft. between the deals and the back the wall the base, the 
rock being sawn plumb with the back the 

the south end the west trench, after excavating level 
ft. below datum, and rock not having been found, trial shafts were 
sunk, and rock was found level ft. below datum. Owing 
this fault, which had not been disclosed the borings, was decided 
found portion the wall, within the limits the fault, the 
gravel, ft. below datum, and excavate the greater depth for 
the foundations the gate recesses and that portion the wall south 
the same, commencing ft. north the square quoin. 

This involved maximum lift about 100 ft. for the excavated 
material, and, naturally, increased the cost the work considerably. 

was apparent that the portion the trench already commenced 
would become too narrow the new foundation level, and, obviate 
this, all runners then put were placed little out the 
vertical, that the same width was maintained down the foundation 


level. 
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The extra depth which the excavation had also 
necessitated the provision auxiliary pump, throw water from 
the deep foundations the levelof the main pump-well. 
centrifugal pump was used for this purpose, steam being obtained from 
boiler the top the trench. 

With the exception not finding rock the expected level, there 
were serious difficulties carrying out the work the west trench; 
but the east trench this was not the case. line the new 
east wall crossed the Toxteth Lock, the foundations which were 
higher level than those the wall, was necessary underpin the 
old work. For this purpose, when the trench had been excavated 
the required depth, heading was continued underneath the lock, the 
intention being fill this with concrete correspond with the 
section the new wall. 

driving this heading, old constructional drain, ft. dia- 
meter, running longitudinaliy under the north wall the lock, was 
encountered, the western termination which was found 
apron outside the lock. 

was observed that the apron had parted from the river wall, 
causing inlet the drain, which, being bared, burst, and, 
consequently, the entire length the east trench and small exca- 
vation which was being opened steam were flooded. 

safeguard against accidents this description, cross-bulk- 
head had been placed the south end the trench, but spite 
this the water found its way beyond the bulkhead. 

Ultimately, the drain was plugged effectively means canvas 
bolster, placed diver and filled with grout through pipe from 
the surface. 

The bolster was designed that its total weight would greater 
than the pressure the highest tide the sectional area the 
drain. 

The walls are set out the curves shown the coping, and are 
constructed plumb throughout their whole depth, and where joined 
the old walls are thoroughly bonded, the faces the walls being 
merged into each other. Between the new and old coping levels, ramps 
are formed. 

The general section the side-walls the base, this width 
being maintained ft. below datum, where sets width 
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ft., from which rises altar-courses, ft. high and ins. wide, 
minimum width 6ins. The near side the culvert 
ft. from the face the walls, the inverts being laid level 
ft. ins. below datum. 

regards the island, this solid, with the exception the 
culverts, level ft. below datum, from which level the walls are 
constructed the side-walls, the space between the walls the 
coping level being covered with concrete ft. thick. 

The lock floors are founded ft. and the gate-sills and 
caisson-sills ft.6 ins. below datum. Under the gate- and 
sills, and projecting ft. beyond the face the same, are stoppers, 
ft. wide, founded below datum. The gate platforms are 
founded ft. ins. below 

Above mean-tide level, the whole length the new walls, with the 
exception the gate recesses, retaining walls and reconstructed river 
set intervals granite stones with 2-in. chisel-draft and rough- 
punched the face, the sides being dressed ins. from the face. 
Such stones are not less depth than ft. any part, and are thor- 
oughly incorporated the surrounding concrete, the aggregate sur- 
face the headers forming not less than one-third the total 
surface. 

the vertical faces the two qualities concrete were placed 
their proper respective positions simultaneously, and well trodden 
together. 

The body the wall and the floors the chambers are 
concrete. the back the walls sheave chambers are formed 
concrete, ft. thick, well worked around the bolts which attach 
the back plates the sheaves the wall. 

The method adopted constructing the east and west walls was 
follows: The concrete was first brought from foundation level 
about ft. below formation level, and the front the walls was then 
formed means concrete moulds, the altar-courses the back 
being moulded with deals. the concrete was brought up, the 
shores and walings were relieved, the deal runners the back the 
wall being drawn after the filling had been put the height 
block setting. 

After the moulds had been stripped, and before the shores could 
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relieved, was necessary secure the timbering front the wall, 
that the back being supported the filling. 

The concrete was raised lifts about ft., two heights 
moulds being used this operation. Only one lift was made per 
week, the modus operandi being follows: First and second days, 
mould setting; third day, filling moulds; fourth and fifth days, includ- 
ing Sunday, concrete setting; sixth day, stripping moulds; seventh 
day, relieving shores. 

The walls the culverts were moulded means horizon- 
tal deals, supported deal cross-frames, ft. apart, the concrete 
being put evenly obtain equal pressure either 
the culvert. 

The roofs were moulded means centers, supported the 
verticals the cross-frames, which deals were laid form lagging. 

The inverts were formed panels, hit-and-miss manner, after 
the arching over was completed, the radius being obtained screeds. 

The finished culverts are ft. wide and ft. high, the inlets 
being ft. ins. wide and ft. high. 

Circular air-shafts, ft. diameter, are brought the surface 
square pillars, ft., and closed the top means gratings. 

Leveling culverts, ft., connected with the main culverts, are 
provided each lock, and constructed with double cloughs, one 
which worked hydraulic, and the other hand power. 

The outlets the culverts were moulded with deals, the main 
culverts, the sills, jambs and head for the cloughs having been set 
previously. 

iron-lined culvert, ft. diameter, for gas and water pipes, 
laid under the entrances, and connected with the surface, ends 
and the island, shafts the same diameter which pass through 
the pipe trenches the top the walls. 

Checks are formed the gate recesses and side-walls for sheave 
chambers, gate chains, trucks and spears. 

the top the walls, ft. ins. from the face line, trench, ft. 
ins. wide and ft. high, with arched roof ft. thick, formed for 
hydraulic pipes, gas and water mains, etc., the pipes being 
benching, ft. ins. wide, raised ft. above the floor. are 
placed certain positions, and openings left for hydrants, ete. 

Cast-iron curbs and covers are provided all machinery pits, air- 
shafts, clough-pits, etc. Lamp-posts, mooring-posts, mushrooms, 
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guard-posts aud chains are also provided, and the roadways adjoining 
the retaining walls are paved with granite setts. 

front and connected with the river portion the new walls, 
there apron, ft. wide and ft. thick, with stop sunk into the 
rock, ft. wide and ft. deep, the outer edge. 

the east wall the concrete was hand-mixed, the gravel being dis- 
charged the northwest corner the Toxteth Dock, whence was 
conveyed wagons the mixing stages. 

the west wall the concrete was machine-mixed, the gravel being 
discharged the river wall and conveyed wagons the required 
positions. 

All concrete consists aggregates gravel, broken 
bricks, stones, with proper proportion sand, mixed with Port- 
concrete consisting parts, parts and parts, respectively, 
aggregates, described, one part Portland cement volume. 

were placed the body the concrete, and inserted 
that all parts each stone were well surrounded concrete, stone 
coming nearer the surface the wall that were set 
the top layers concrete while was moist, and were placed 
project into the next layer form bond. 

The bulk the plums” was not included the proportion 
aggregates above mentioned, and all stones used were 
specially hard and durable character, thoroughly sound and shapely, 
and clean all mortar and foreign matter. 

The cement was delivered long enough before using give ample 
opportunity for making the tests hereinafter described. 
tight, dry, wooden-floored cement store was provided the site, and 
the cement was delivered there lots not less than 100 tons; the 
lots being kept clear and distinct from each other, and the stock not 
allowed fall below month’s requirements. 

All cement used was the best quality, free from any admixture 
Kentish rag, gypsum, other foreign material, the contractor 
being required supply with each cargo signed declaration from 
the manufacturer this effect. 

Samples were taken from each lot, after delivery the site, and 
these were subjected the following tests: 


sample, being sifted through No. wire-gauge sieve, 
must not leave residue more than per cent. 
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time setting the cement must not less than hours 
nor more than hours after mixing, each sample cement being con- 
sidered set when longer takes impression from Vicat’s needle 
having total weight lbs. standing vertically the cement. 
Other samples gauged neat will rammed hand pressure into 
moulds, and some the casts thus made will, within hours, im- 
mersed water and the expiration days from the day 
moulding, exclusive that day, will tested. Other casts made 
above will allowed air-dry, and the expiration days 
above will tested. 

the casts will tested Michele machine, and 
must capable sustaining tensile strain not less than 450 
sectional area sq. in.” 


The specific gravity the cement delivered was not have been 
less than 3.1, and cement from any lot was used the works until 
such lot had been tested and proved satisfactory. 

Any cement from which samples had been taken and had failed 
stand any the tests before mentioned, which any time before 
use had given signs being unsatisfactory, was rejected, and, unless 
otherwise directed the Engineer, was removed, the expense the 
contractor, and did not form part any subsequent delivery. 

The foregoing tensile tests, far possible, were made within 
days the full delivery each consignment, and the results the 
tensile tests quantities rejected, owing failure sustain the re- 
quired strain, were forthwith communicated the contractor. 

The gravel was supplied contract from approved source, and 
was delivered alongside was sea-washed, clean, and free 
from clay, silt and other foreign matter, fairly coarse, free from 
boulders and fine sand, and soft, inferior material, 
powder, dust dirt any kind was used the concrete. 

Strong gauges were provided for the cement and gravel, other 
aggregate, ensure that the proper proportions specified were 
maintained. 

mixing concrete hand suitable platforms were laid down and 
the mixing was follows. the gravel gauge was being filled the 
cement was added gradually that when the gravel gauge was 
full, the cement gauge was empty. The gauge was then removed and the 
heap leveled off thickness not more than ft. and was 
then mixed casting backward and forward twice, the water being 
added the mixture was being cast backward the second time. 
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After these operations had taken place, the concrete was sent down 
shoots into position, care being taken insure that concrete should 
put unless its component parts were thoroughly mixed and in- 
corporated. windy weather screens were provided prevent loss 
cement. 

The water used for the concrete, and for all other purposes the 
works, was obtained from the city mains. was applied carefully 
the concrete from rose such volume not wash the cement from 
the gravel. concrete was allowed stand after being mixed, but 
was used the work immediately. 

The concrete work, far possible, was carried continuously, 
layer layer, that the whole formed one homogeneous mass, care 
being taken remove all scum arising from the cement before putting 
another layer. 

The surfaces all masonry concrete, against which con- 
was laid, were thoroughly cleaned and wetted immediately 
before concrete was laid on, and all wooden moulds containing 
boards were payed with composition prevent the concrete from ad- 
hering them. face work all the concrete was well worked against 
the moulds when moist, the surface, when finished, being perfectly 
smooth. 

concrete work was commenced proceeded with during frosty 
weather, except approved positions and subject certain condi- 
tions. 

The granite for the hollow quoins, sills, cloughs, copings, etc., was 
obtained from the Board’s quarry Kirkmabreck, Kirkcudbright- 
shire, B., being brought from the quarries sea, the rough, and 
dressed the site. 

The dimensions the copings are within the following limits: Not 
less than ft. ins. nor more than ft. ins. deep and similar 
width, the sectional area right angles the line coping being not 
less than sq. ft. and not more than sq. and the length any 
stone not less than ft. The stones have rounded nose ins. 
radius, the top rising in. per foot from the front draft. 

Each stone was chisel-drafted ins. wide the face, top and bot- 
tom beds and joints, punched down drafts the face and top bed 
and below drafts the bottom bed and 

The back the stone was not squared the joints, but was 
dressed ins. below the top bed, where backed concrete. 
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One foot back from the face the stones were joggled, throughout 
their whole depth, form, with the similar groove the ad- 
joining stone, 3-in. square hole, this being run with cement and 
selected gravel, and finished the surface with granite plug. 

The stones were bedded solidly the concrete beneath, and the 
joints flushed with cement mortar, grouted and neatly pointed. 

Cement mortar for all works was generally composed part 
Portland cement parts clean sharp sand. 

The surface the quay, behind the granite coping, was carefully 
finished with 6-in. layer concrete. 

Between the outer and inner caisson-sills the rock under the floors 
the locks drained vertical pipes, ins. diameter, filled with 
pebbles and placed ft. apart laterally and longitudinally. 

The gate-sills the entrances are formed concrete with 

The gate clapping-sills are curved plan, and are formed 
granite stones, ft. ft. ins. long, ft. wide, not less than 
ft. deep, and 5-ft. centers, with concrete between them. 

The sill stones and concrete are checked receive the sill wood, 
which bolted thereto. 

The face and the bottom the check are axed, the remainder 
the face and the top bed having 2-in. chisel-draft all around, and 
being punched below the draft. The sides and back the stones are 
drafted and punched depth ins. 

The cast-iron roller paths for the gate-trucks (see Fig. Plate 
are fixed the following manner: The concrete carefully brought 
within ft. the general surface, pockets being left for the 
holding-down bolts. The segments the roller paths are then placed 
position brick piers, with the holding-down bolts hanging from 
them, the space underneath the segments being filled with con- 
crete, well rammed, 

The hollow quoins are granite throughout, except the anchor 
blocks, which are cast iron. The quoin stones, which were dressed 
iron template, are arranged that every other full quoin 
stone taking all the curve, the alternate one being full-necked 
stone, but not taking the full curve, the remaining portion the 

curve being formed concrete moulded position. 

The stones are irregular form, but each stone has thickness 
least ft. back from the hollow, and the total net content each 
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not less than ft. The top and bottom beds are fine-axed 
ins. back from the face, the remainder the bed being drafted 
the edges, and punched flush with the joint surface. The face, 
large and small rounds, fine-axed all over, the hollow being fine 
patent-axed. The faced sides stones are chisel-drafted vertically, 
2ins. chisel-drafted the edges and rough-punched ins. back from the 
inside face. All stones are set carefully possible, and, after the 
completion the quoins, the necks are re-dressed and made plumb 
and true throughout. 

the top and bottom beds, grooves are cut, that, with the 
similar grooves the adjoining stone, 3-in. square joggle formed 
right angles the side-walls the entrances; small grooves, also, 
are provided, form joggles ins. square, allow the running 
grout. 

The joints between the stones are formed the face 4-in. 
strip 7-lb. lead. Behind the lead the stones are carefully bedded 
neat cement and afterward grouted. 

The heel-post stones, which receive the pivot cups, are not less 
than ft. superticial area, nor less than ft. ins. deep, and are 
set bed-punched all over. 

The top surface chisel-drafted the edges and plain-axed all 
over, the top portion being axed very fine. 

The heel-post stones are set ft. ins. below the sill level, the 
respective centers for the 100-ft. and 80-ft. gates being ft. and 
ft. back from the face the walls. The necessary square 
sockets receive the cup castings were cut after the stones were set. 
cast-iron block, ft. ins. deep, fit the head the heel-post, 
forms part each hollow quoin. This block bolted the granite 
beneath three 2-in. lewis-bolts, and anchored the mass con- 
crete behind four wrought-iron anchor rods, fitted and 
wedged the anchor block with square head, the other end passing 
through large block granite, ft., and having wrought- 
iron washer ft. diameter and in. thick. 

Galvanized wrought-iron collar straps, ins., are provided for 
each heel-post, the straps being bolted the block two 3}-in. 
T-headed, octagonal bolts. 

The square quoins, which have bull-nose ft. radius, are 
formed concrete level ft. above datum, from which level 
they are formed alternately granite and concrete 2-ft. layers. 


q 
j 
= 
7 
} 
| 
; 
7 
q 
4 
thee, 
‘ 


LIVERPOOL DOCK IMPROVEMENTS. [Papers. 


The stones, which are set alternately headers and stretchers, are 
not less than ft. long and ft. wide, having area bed not 
less than sq. ft. 

Each stone chisel-drafted ins. wide the face, the top and 
bottom beds being close-punched down the drafts. Joints are 
chisel-drafted and punched down for ins. back from the face. 

All exposed surfaces jambs, sills and heads cloughs (see 
Fig. 
drafted and punched 
down below draft. The 
faces grooves are 
polished, for 
back the sills and 
jambs, and for not less 
than ins. the 
head stones. 

The sills and heads 
are mitered the 


jambs for distance 


2ins., with neat-cement 


rc 


DOUBLE CLOUGH SHAFTS FOR 6-FT. 
LEVELING CULVERTS. 


joints. 

The caisson-sills and 
quoins are concrete 
and granite, stone being less than ft., and are dressed 
manner similar the hollow quoins, with bearing faces fine-axed. 
They are set alternately headers and stretchers, ft. apart, the 
intervening spaces being filled with concrete. 

The general excavation was carried both day and night, and 
proceeded simultaneously with the trenching. sufficient distance 
was kept from the trenches not interfere with the equilibrium 
the timbering the latter. 

Whittaker, 10-ton, steam navvy was used this work, the wagons 
being lifted from the excavation the tip levels means steam 
jennies arranged serve also for erecting the lock gates. 

Three lifts ft. each were taken the steam navvy. the 
first lift the material consisted principally sand and rock dump- 
ings; the second, sand and gravel; and the third, roach and rock. 
The bucket the navvy had capacity about cu. yds. and filled 
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average two hundred and fifty 4-yd. wagons day. For the 
satisfactory working the navvy, two wagon roads, connected 
jump crossings, were laid, one for empty and the other for full 
wagons. 

Both dock and river tips were used, the former continuously: but, 
owing the rise and fall the tide, tipping could only done 
the latter during two hours before and two hours after high water. 
the river, tip wagons were tipped the rate one every two min- 
utes, representing about 480 cu. yds. excavation for each tide. 

The maximum quantity excavated material sent sea any 
one week was 000 cu. yds. 

All excavated material filling and for the formation 
quays, roadways, etc., was deposited horizontal layers greater 
depth than ft., well watered and rammed. 

Blasting operations were carried out some extent, the explosives 
used being tonite and black powder. 

excavating for the island, the fault previously referred was 
found extend across the site the south end the island and 
the outer caisson- and gate- sills the entrance. this case 
the excavation was carried down 26-ft. ins. below datum, from 
which level trench ft. wide was sunk the full depth, the trench 
extending ft. front the face line the island and ft. behind 
it. This trench was filled with concrete, the remaining mate- 
rial the fault being undisturbed. 

The foundations for the caisson- and gate-sills were laid sim- 
ilar way. 

After removing the general excavation, enable the south end 
the island put in, astaging was erected along its center line, the 
height decking being about ft. below the coping level. this 
were laid three lines rails, the outside lines being used crane 
roads and the center line for wagons. 

The width the decking was ft., over all, and the cranes re- 
mained position set the coping. Concrete mixers were placed 
every ft. along this staging, the wagon road being placed little 
out center allow this being done. 

The gravel for concrete was discharged into side-tip wagons from 
vessels berthed the Brunswick Dock; cement, and 
plums” were also brought the required positions wagons. 
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Through having timber relieve, the construction the island 
was very rapid, two 5-ft. lifts concrete being made per week, the 
moulds for the facings being supported secured the 
uprights the staging. 

The excavation for the northern portion the island was then 
commenced, the excavated material being hand-filled into skips, lifted 
the cranes the staging, tipped into end-tip wagons, and used 
for filling between the walls the southern portion the island. 
The staging was removed the filling proceeded, the uprights being 
sawn off flush with the concrete. 

When sufficient excavation had been removed the northern end 
allow another bay staging, the work excavat- 
ing was stopped temporarily, the timber from the south end the 
staging being used for the northern continuation. 

The staging will extended this manner the northern ter- 
mination the island, and, when the excavation completed, the 
remainder the island will constructed manner similar the 
southern portion. 

After the southern portion the island had been completed the 
outer gate- and caisson- sills, put in. 

The gates, which had been constructed the Board’s shops, were 
then erected, after which the water was let in, enable the river wall 
removed, the outer caissons placed, and the system 
dams completed. (See Fig. Plate L.) 

having the outer gates position, any failure which might occur 
the dams the north end the works would not endanger the 
shipping the docks. 

much the river wall possible being removed tide-work, 
and the remainder means bucket dredgers. While the removal 
this wall progress, the work inside the locks is, course, stopped 
temporarily. 

The junctions between the new and old walls the north end 
the entrances will made and the old walls removed behind dams, 
the shores being relieved from the old the new walls the former 
are demolished. 

can readily understood that, under ordinary conditions, the 
work might delayed through blows” under the dam the 
Brunswick Dock while the northern portion the work hand. 
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minimize the risk delay from this cause, the work between 
the dams and the wall was completed before breaking through the 
walls the Brunswick Dock; safety bulkheads, founded the new 
concrete, being constructed without interfering with the outer 
dams. 

The Brunswick Dock being deepened from ft. ft. ins. 
below datum, and the walls underpinned adding about ft. 
concrete their base, the foundation the walls and the floor 
the dock being red sandstone fairly good consistency and 
soundness. 

The deepening the floor the dock being carried out 
dredging, and the underpinning behind flitch-dams, divided 
longitudinally gussets the wall intervals between 300 
and 350 ft.; each section thus formed being drained set 
chain-pumps erected upon needles supported the quay and 
the dam. 

The excavated material for the underpinning removed skips 
5-ton locomotive cranes, running upon crane roads mounted upon 
needles supported the dam and the wall. 

The space enclosed the dams (see Fig. having been cleared 
water, grip, about Timber 
rock immediately 
front the toe the 
wall, the required 
depth 
ning, and the dock 
ther channel 
vated convey drain- 
age the pumps. 

From the grip, gal- 
leries average 
width ft., are 
driven under the wall, 


the hit-and-miss principle, that between each gallery the wall 
above supported pier rock about ft. wide. These gal- 
leries are filled with concrete which extends outward far 
the new face line. 
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After the full length has been treated this manner, those bays 
which were missed will excavated and concreted. 

The walls are treated lengths between 600 and 700 ft., this 
length dam being used over again for further lengths. 
Fig. shows the sec- 
tion the wall after 
the completion the 
underpinning work, and 
the section the timber 


Filling 
Average H.W. 


superstructure erected 
upon piles stepped 
new concrete. 

concrete from its 
present level ft. 
above datum ft. WALL AFTER DEEPENING BRUNSWICK DOCK. 
above datum, modern Fie. 
shed being substituted for the present one. 

The gates and gate clapping-sills are constructed greenheart, 
the top the gates being ft. above datum and the bottom 
ft. ins. below datum. 

The heel-posts, middle heads, and miters, are connected the 
cesses mortises and tenons, and are held together framing bolts. 

Additional strength obtained framing plates, either side 
and each end the voussoirs, secured dump-bolts. 

The voussoirs are connected the middle heads 2-in. galvanized 
bolts, and hoops the top and the bottom the gates. There are 
straps the back, and connecting timbers the front, the gates; 
the connecting timbers will also serve fenders protect the gates 
from damage when vessels are being passed through the locks. All 
ironwerk, with the exception straps and framing plates, galvan- 
ized. 

Each leaf supported the heel-post end means gun 
metal cup-and-ball arrangement, working socket, and two 
bevelled truck wheels, each ft. ins. wide and averaging ft. 
diameter, which travel the iron roller paths laid the platforms. 
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the top the heel-posts wrought-steel collar, ins. deep, and 
the leaf held the hollow quoin the collar strap, which 
the heel-post free move horizontally. 

The rise the granite sill for the 100-ft. gates the point miter 
ft. ins., and that the clapping-sill ft. ins. from line 
connecting the centers the hollow quoins. 

Each leaf has maximum breadth ft., and divided into three 
voussoirs, the radius the back the gate being ft. and that 
the clapping face 160 ft. The length along the straight from the 
center the heel-post ft. ins., and the diameter the heel- 
post 4ins., the breadth the miter-post the miter being 
The depths the cesses are follows: ft., ft., ft., 
ft., ft. ins. and ins., the spaces being ft., ft., ft., 
ins. and ft., respectively, working from the bottom the 
gate. The radii the gate roller paths are ins. and ft., re- 
spectively. 

The rise the granite sill for the 80-ft. gates the point the 
miter ft. and that the clapping-sill ft. ins. from 
line connecting the centers the hollow quoins. 

Each leaf has maximum breadth ft. and divided 
into two voussoirs, the radius the back the gate being ft. and 
that the clapping face 130 ft. The length along the straight from 
the center the heel-post ft. ins., and the diameter the 
heel-post ft. ins., the breadth the miter-post the miter being 
6ins. The depths the cesses are follows: ft., ft. ins., 
ft. ins., ft. ins., ft. ft. 3ins. and ft. ins., the 
ft. ins., respectively, working from the bottom the gate. The 
radii the gate roller paths are ft. ins. and ft. ins., respec- 
tively. 

The hydraulic apparatus for actuating the gates consists hori- 
zontal hydraulic machines, placed pits the rear the gate 
recesses. There are two machines each leaf the gates, one for 
opening and one for closing. The chains are carried down through 
chain holes, ft. ins. diameter, the sheave blocks, from which 
they are led staples the gates. 

The dimensions the machines fully provide for the stresses 
which may put upon them working the gates, with ample 
margin safety. 


| 
ra 
~ 


810 LIVERPOOL DOCK IMPROVEMENTS. [Papers. 


Machines four types are use, Opening and closing 
machines for the 100-ft. gates; and opening and closing machines for 
the 80-ft. gates. 

Each machine provided with the easy return which 
insured auxiliary ram. 

The following are particulars the machines: 

The main rams are provided with three pulleys the ram head 
and three the end the cylinder, the auxiliary rams having two 
movable pulleys and one fixed pulley. 

The machines for opening the 100-ft. gates have rams ft. ins. 
diameter and ft. stroke, and the closing machines rams the 
same diameter with stroke ft. 4ins. The main chains each 
case are and the overhauling chain the auxiliary ram 

The machines for opening the 80-ft. gates have rams ft. ins. 
diameter and ft. stroke, and the closing machines rams the same 
diameter with stroke ft. 3ins. The main chains each case 
are and the chains the auxiliary rams 

The auxiliary rams and cylinders are fitted the opening and 
closing machinery each case, and have uniform diameter ins. 
and stroke ft. ins. 

The valves are actuated levers the quay level, removable 
tion, there are stop-valves the pressure and return pipes the 
machine pits. 

The hydraulic paddles the main and the branch culverts are 
actuated vertical, double-acting cylinders, the cylinders being 
copper-lined and the piston rods copper-covered. 

The dimensions the cylinders, pipes and valves are such that the 
machines are capable lifting the paddles from their closed positions, 
under the full head water, through the full lift and lowering them 
again their closed positions one minute. 

The paddles are greenheart, and are connected the machines 
wrought-iron spears dependent cast-iron crosshead the pis- 
the case the smaller paddles, ft. ins., for the 
6-ft. outlets, the spears are attached two bolts passing through 
the paddles from top bottom. the large paddles 84x 114 ft., 
for the 10-ft. inlets, the spears are attached cast-iron yoke 


across the top the paddle through which the building bolts also 
pass. 
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The machines for the branch culverts have 11}-in. cylinders with 
ft. stroke, those for the main culverts having cylinders with 
104 ft. stroke. 

The valves are worked from the quay level levers removable 
pleasure; there are also two stop-valves the pits, the supply and 
exhaust pipes. 

The hand-cloughs are actuated screw, suspended from fixed 
bearing and worked from bar-head. This screw passes through 
brass nut cast-iron crosshead, from which pair spears car- 
ried down the paddle. 

the south end the island, however, the hand- open into 
gallery, which crab winch traveling rails, that can 
brought over any clough shaft. 

chain, with bridle, carried from each paddle and can 
attached the winch for raising the paddle. The gallery closed 
overhead and thus presents obstruction the quay level. every 
case, space allowed the clough shafts for the withdrawal the 
paddles for repairs, etc., without disturbing the machinery. 

The superficial areas the hand and hydraulic paddles are similar; 
cross-section, the latter are beveled ins. the foot, commencing 
from width ins. the bottom. 

both ends each wall, and the island, capstans are 
provided, six all, working under pressure per square 
inch the starting valves. 

The capstans have two powers, tons and tons, respectively, the 
speed hauling being not less than 100 ft. per minute under the load 
tons. 

The engine connected the capstan clutch, arranged 
that one lever controls the three operations putting into action 
either the two powers, disconnecting the engine entirely from 
the capstan. 

The barrel the capstan arranged that hand-power may 
readily substituted for hydraulic power, whether not the engine 
connected with the capstan, and the capstan fitted receive eight 
handspikes. are fitted between the engine and barrel, that 
when the capstan being worked hand, the men are not endan- 
gered. 

The hydraulic engines are placed close the capstan, and are easily 
accessible for cleaning, packing glands, and repairs. The starting 
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valves are worked levers from the ground level, and are removable 
pleasure. 

Screw stop-valves are placed the pressure and exhaust pipes 
inside the machinery pits, the valves being worked detachable key 
made suit either valve. 

The machinery designed that, under ordinary working condi- 
tions, part shall strained more than one-quarter its breaking 
load. 

The dams are designed give ample strength sustain all times 
the full head water, the outside faces being constructed and main- 
tained condition allow vessels bearing against them without 
risk injury either the vessels the dams. 

The temporary timber dams used connection with the work are 
the flitch type, with the exception those the river, which are 
sheet-piling. 

The flitch type dam has been adopted the Liverpool Dock 
Estate being the best, under certain conditions, for all-round pur- 
poses, its great advantage being that can used over again without 
dissection, which reduces the cost work very considerably when new 
works and alterations are constantly being carried out. addition 
this, the first cost not great, and there generally much less leakage 
than with other types, especially sheet-piling dams. 

Flitch dams consist vertical timbers connected walings, 
spaced suit the pressure, and supported vertically means 
shores, with toe clay the outside. The walings, generally, are 
ft. square and ft. long, the horizontal shores being spaced ft. 
apart between centers. 

The flitches are designed for about ft., and usually have 
seven walings, necessitating seven tiers shores, the spacing the 
latter being follows: ft., ft., ft., ft., ft. and ft., re- 
spectively, commencing the top the uppermost tier and working 
down, the top the lowest waling being ft. ins. above the bottom 
the flitch. 

The skin the flitch formed half timbers about ins. thick, 
the seams being caulked. 

The length the flitches such that they can handled readily, 
but the shorter the length the greater the number shores required, 

the joints between flitches double vertical shoring necessary. 
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The longest flitch used was 142 ft., and there was difficulty 
placing it; but lengths about 120 ft. are most suitable, for, beyond 
this length, the flitches are likely buckle while being placed, which 
may cause leakage after the dam has been pumped out. 

When the ends are not walls the like, enclosures are made 
means gusset flitches, narrow flitches with walings spaced 
before, one end the gusset being shaped suit the abutment and 
the other end vertical. the vertical end the walings are cut off 
flush with the skin timber, and the other end they project about 
ft. beyond the skin. double row sinnet nailed either bear- 
ing face make tight joint when the dam under pressure. 

Put-holes are cut the abutment receive the projecting portion 
the waling, and, the other end, the gusset supported means 
cleats bolted the walings the adjoining flitch such man- 
ner that the skin the gusset flush with the end the flitch. 

Paddles are provided, and, rule, are fixed the gussets. 
the were launched, they were constructed their flat, with 
the walings underneath, the lightest portion the flitch, the top, 
being nearest the water, reduce the strain launching. 

The joints the walings come the center the shores, and 
care was taken insure that number joints did not come verti- 
cally under each other. 

Each skin timber secured the walings two bolts with 
their heads countersunk the walings order that there may 
difficulty butting the waling end the shores. The arrangement 
the bolts along the walings such that each tier has equal num- 
ber bolts its walings. 

each flitch, for slinging purposes, two whole-baulk timbers are 
substituted for two half timbers, one either end the middle half 
the They are bolted each waling, and project about 
ft. above the top the flitch. 

the ends the flitch, fillings the same width and depth 
the walings, ft., are bolted vertically the skin timbers between 
the walings such manner that the spaces between the walings are 
made good and flush jamb formed. 

stiffen the flitch, two horizontal half timbers are run from end 
end, one the top and one the bottom, such manner that 
their respective bolts pass through the top and bottom walings. 
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Occasional ring-bolts are placed along the top and bottom walings, 
that rings occur either side the flitch. 

Pig scrap iron, old rails, used for ballast, are placed between 
the two lower walings, and are secured means vertical deals 
spiked them. 

While the flitches were under construction, the work preparing 
and the site for the dam was progress. grab dredger 
removed much silt possible, afterward bucket dredger worked 
over the site pick anything hard and level bed which the 
flitches were rest; scraping flat followed, and afterward suction 
flat. 

The flitches were placed means floating crane, and the gusset 
flitches derrick flats. 

Put-holes usually formed the support for the shores the land end, 
the other ends being supported cleats bolted the shores, the 
overhang the cleats being sufficiently long for bolting the walings, 
this precaution being taken prevent the shores from floating out 

The flitches are secured the top pennants made fast the 
ring-bolts, and the bottom means toggles made from old rails 
bar iron bent into the form letter the long leg the toggle 
being placed hole drilled the rock about ins. from the dam. 

The bottom walings are first shored opposite the toggles, after 
which packings are fixed between the toggles and the The 
shoring then completed, all shores placed divers being weighted 
means pig iron old rails spiked either side the shores. 

Any very hollow places under the flitches were made means 
concrete, and, when the space was small, bags clay were placed 
the angle formed the flitch and the bottom. 

Concrete blocks are placed about ft. away from the face the 
dam and along its entire length, such manner that revetment 
formed for the clay. 

The blocks, which are ft. and ft. deep, are laid lengthwise 
with the dam, and the clay placed between the dam and the concrete 
blocks height about ft. the flitch, tailing off the depth 
the blocks. 

the case long shores, lacings are provided, also 
give vertical support the shores. 
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The butts the shores are all cases cut square, and, the case 
diagonal shores, cleats, bevelled suit the angles formed the 
shores and the walings, are spiked the latter. 

The position the pumps such that the work below dock water 
level may completed without their removal. Whenever possible, 
the pump framing quite independent the dams, that, case 
accident the latter, the pumps will not disturbed. 

After the divers had finished their shoring and the clay had been 
well rammed, before attempt was made pump out, careful 
examination all the under-water shores was made ensure that 
they were all place and that none was under too great strain. 

regards maintenance, with view minimizing the dangers 
soundings are taken from time time regular intervals 


along the entire length the dani, guard against any fretting 
the clay. 
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AMERICAN SOCIETY CIVIL 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


LOADINGS FOR RAILROAD BRIDGES. 


Informal Discussion the Annual Convention, June 11th, 1903.* 


FOR 


view the Increasing Weights Rolling Stock, for what 
Loadings should Railroad Bridges 


THEODORE Am. Soc. (by letter).—That the loads 
freight cars, the weights engines, will continue increase per 
running foot track unknown indefinite extent is, the 
writer’s opinion, most erroneous assumption. 

Excepting special lines road, carrying one kind freight be- 
tween definite terminal points, certain mine, quarry ore roads, the 
interchange traffic between the numerous lines composing the rail- 
road system the American Continent demands that all cars shall 
able pass freely over each line, without surpassing vertically 
laterally the limiting clearances, which determine the limiting cross- 
section the train, including engines and cars. 

While some roads have cars use locally which would not ac- 
cepted other roads, very certain that the great interchange 


freight will ultimately compel the adoption standard cars which can 


pass freely over all lines. 
The American Railway Association has recently adopted standard 


which, presumably, large would acceptable all 
roads. 
*The discussion this which formal paper was presented, con- 


tinued from the August, 1903, Proceedings. 
Railroad Gazette, July 3d, 1903. 
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has the following inside dimensions: ft. high, ft. ins. wide, Cooper. 


and ft. long. 


The inside cross-section this car, sq. ft., when reduced the 
length track covered, distance between bumpers, gives about sq. 
ft. the maximum storage capacity per linear foot track. 

reference the writer’s paper,* Train Loadings for Railroad 
Table No. will seen that this car could com- 
pletely filled with any kind freight, excepting minerals and metals 
without exceeding 4000 lbs. freight per linear foot track. 
Practically, would impossible fill this car completely. 

allow (as would appear liberal) 000 per foot track for 
the weight the car, the maximum load per foot for fully 90% the 
freight handled our roads could not exceed 000 Ibs. 

the remaining 10% (excluding special ore-carrying lines) the 
larger proportion consisting machinery, structural work, manufac- 
tured articles, could not stored within the limiting cross- 
section exceed the above maximum. 

Such cars, with this maximum loading, would weigh 190 000 lbs., 
which, with four axles, would give 500 lbs. per axle, or, with six 
axles, 667 per axle. 


The self-dumping 100 000-Ib. coal car has 500 Ibs. per axle and 
300 lbs. per foot track. 

such loads 33-in. wheels, when the wheels once become worn 
roughened, would far more trying the track than the heavier 
driving-wheel loads, owing the larger diameter and better care, 
certain that there must limit such loads, determined 
longer experience. 

Considering the small percentage the freight which could 
stored the limiting cross-section give greater loads per foot 
track than 000 and the impossibility keeping such cars 
continuous circulation with full loads, except upon the specially 
excluded ore roads, their introduction upon the general railroad 
system improbable. 

would seem justifiable, therefore, assume that there 
upper limit the freight load per running foot track, and that 
000 Ibs. covers the limitation, unless assumed that the existing 
railroads will increase their present clearances, tremendous under- 
taking time and money. 

Engines, also, must limited size and weight the limiting 
cross-section the roads, not the permissible axle loads. 

With the limitation the driving-wheel base, increased weight 
the drivers demands more space for the greater boilers, grate 
surface and running gear. 

The Railroad Gazette October 27th, 1899, there theoretical 


Transactions, Am. Soc. E., Vol. pp. 174, 183. 
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Mr. Cooper. examination the heaviest engine which could built, under cer- 


tain assumptions and with the usually accepted road clearances. 
Whether the conclusions that writer are exact not, interest- 
ing and instructive showing the influence the allowed cross- 
section road upon the maximum possible engine, and indicates 
that, under present restrictions, have about reached, existing en- 
gines, the maximum possible. His maximum requires five coupled 
driving axles with fixed wheel-base. 

For further increase the weight and power the motor, must 
either look forward the possibility electricity series 
combined motors with articulated wheel-bases. 

reported that the Baltimore and Ohio Railroad has now under 
construction engine with 285 000 Ibs. six driving axles with 
articulated wheel-base, the three forward and three rear drivers each 
having individual wheel-base ft. and total wheel-base 
ft. ins. 

Such engine, however, would not produce any greater stresses 
bridges than the typical consolidation engines with the same load 
per axle. 

would appear the writer, therefore, that maintenance-of-way 
conditions, weights axles and car wheels, and existing clearances, 
all indicate that are close the maximum train loadings, 
under the present construction and limitations our railroads. 

October 9th, 1899, the writer recommended the adoption his 
train loading, 50, one our important roads, being, his 
opinion, sufficient cover all future load developments, when com- 
bined with the conservative unit strains now general use; strains, 
which the past have been very greatly exceeded, nearly all roads, 
without risk detriment, the heretofore constantly increasing 
loads imposed. 

not apparent, present, why this opinion should revised. 
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Informal Discussion the Annual Convention, June 11th, 1903.* 
FoR 


possible make Concrete which will Impervious Water 
so, what the best method 


THEODORE Jun. Am. Soc. (by letter).—The writer Mr. Belzner. 


has read with much interest the discussions Impervious Concrete,” 
and recalls having seen specifications water-proofing calling for two 
layers felt ground that quite dry, and where there water 
pressure against the masonry equal ft. there should used not 
less than six layers felt. When the water pressure less than 
ft., where the ground damp, from three six layers should 
used, such being left the discretion the engineer charge. 

The writer firmly believes that concrete can made impervious 
water, but not reasonable cost, account the expense the 
proper application the materials. 

Some time ago the writer examined jack-arch where moisture 
appeared, and after cutting out the concrete, about ins. square and 
ins. thick, the water-proofing behind was found punctured 
and had bulged about ins., caused the pressure the surface 
water. The water-proof paper was removed and replaced, and the 
section the arch replaced with brick dipped hot asphalt, and 
since then leaks have occurred. 


The discusssion this subject, which formal paper presented, con- 
tinued from the August, 1908, Proceedings. 
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The writer has had some experience locating leaks steel- 
concrete construction, and jack- and roof- arches, and has traced 
their source leaks caused surface water, and some cases, has found 
the puncture from ft., more, from where the dampness 
appeared upon the surface. 

When moisture appears wall does not necessarily indicate 
that the leak directly behind it; the source may great distance 
from where the sweat appears. 
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EXPERIMENTAL STUDY THE 
ANCES THE FLOW WATER PIPES. 


Discussion.* 


ALLEN Hazen. 


(by letter).—This paper exceedingly interest- Mr, Flamant. 


ing. For brass pipes small diameter, the experiments confirm the 
law variation resistance proportionate the power, 1.75, the 
mean velocity, the law which the writer applied pipes 
cast iron ordinary use, and for which has drawn numerical 
tables, 

But, the other hand, the authors find, for galvanized pipes, 
variation proportionate the power, 1.90 (about) the velocity; 
which seems indicate that the exponent varies with the condi- 
tion the interior surface the pipes. 

From this point view, would interesting make new ex- 
periments with pipes different materials, such glass, earthen- 
ware, wood, wrought iron, cast iron; or, perhaps, more simply, 
ascertain the effect interior coating paint, tar some similar 
material. Perhaps, making number experiments, 
comparative among themselves, one could formulate definition 


*This discussion (of the Augustus Saph, Assoc. Am. Soc. E., and 
Ernest Schoder, Jun. Am. Soc. printed May, 1903), printed 
Proceedings order that the views expressed may brought before all members 
for further discussion. 
Communications this subject received prior October 23d, 1903, will pub- 

lished subsequently. 

Ingénieur des Ponts Chaussées,. 

Annales des Ponts Chaussées, September, 1592. 
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more exact indication what called the rugosity, and which, accord- 
ing the authors, seems influence not only the coefficient, 
their formula, but also the exponent, 

the effect temperature, the writer believes that espec- 
ially appreciable because the diameters the pipes experimented 
upon are small. This effect ought diminish rapidly, the diameter 
increases, and, for the usual diameters, should become entirely negli- 
article* from which the conclusions are quoted the writer 
page 144 the second edition his work (Paris, 

Although was known, the confirmation the increase flow, 
with the temperature, for pipes small diameter, interesting. 
The writer surprised, therefore, that this variation has been found 
nearly the same for the very small diameters (as Pipes 
and for the larger (as Pipes and IV). would 
useful ascertain whether the same effect would continue appear 
pipes the usual diameter, cm. m., for example. 

the whole, the work Messrs. Saph and Schoder has brought 
out valuable collection precise, experimental facts which will 
very useful for the solution this difficult problem, and which seem 
especially nature solve new questions detail, which 
makes desirable that these capable observers should continue their 
researches. 


Esq. (by letter).—The writer has examined with 
good deal care most the experimental results presented 
Messrs. Saph and Schoder, and must express his cordial appreciation 
the care and skill with which this series experiments has been 
planned and executed. The educational institution that prepares 
men for and fosters such work highly commended. 

The data furnished the observations are valuable addition 
the science hydraulics, and worthy the careful study its 
students. They give distinct addition our knowledge the effect 
temperature upon the flow water pipes, and desirable that 
still further knowledge obtained upon this subject, for, while these 
experiments upon small smooth pipes bring out the effect very 


‘marked degree, the effect not neglected larger pipes used 


water-works. 

The most interesting single series experiments, because gives 
the slopes for both high and low temperatures through the greatest 
range velocities, that upon the smallest brass pipe, which 
about in. diameter. These experiments illustrate conditions 
which are met hydraulic experiments with larger pipes much 
smaller degree, and serve explain some apparent anomalies therein. 


Annales des Ponis Chaussées, 1898, Trimestre. 
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With temperatures water near 70° Fahr., the slope varies nearly Mr. Mills. 


with the first power the velocity, being contained between 0.129 
and 0.138 for all velocities given V=2.309 ft. per second, 
Above this velocity the slope increases much more rapidly, changing 
from 2.559 with 0.3736 per foot 2.917 with 0.6061 per 
foot, which increase slope with the 3.69 power the velocity. 
Upon reaching velocity 3.3 ft. per second, the slopes come into 
line with those higher velocities which vary with power the 
velocity somewhat less than the second power, being, with this very 
smooth pipe, near the 1.75 power. With small velocities, with slope 
increasing directly with the velocity, the water having the lower tem- 
perature has the greater slope, but, during the rapid increase that 
follows, the warmer water, being less viscous and more mobile, makes 
this change smaller velocities than the colder water, and the slope 
for 75° greater than the slope for 70°, and both become greater than 
that for 38.5 degrees. 

With the temperature the water 38.5°, the slope increases with 
the first power the velocity much more rapid rate than with 
temperature 70°, and continues this condition through much 
greater than water 70°, and continues this rate until reaches 
velocity about 3.5 ft. per second. velocity about 2.9 ft. the 
warmer water, its rapid increase slope, reaches the slope the 
colder water and soon exceeds it, while the colder water, keeping 
with its steady rise, gets have slope 14% less than the slope 
water 70° the same velocity. 

velocity about 3.5 ft. the water 38.5° begins change its 
condition, and its slope increases with about the 2.5 power its vel- 
ocity and equals the slope water 70° velocity 4.5 ft. per 
second, then rises above it, and, 5.4 ft. velocity, reaches its perma- 
nent condition flow for higher velocities, and continues with about 
10% more slope than the water 70° temperature. 

interesting compare this result with experiments which the 
writer made, 1875 and following years, upon the flow water 
through cast-iron, tar-coated pipe, diameter, which showed 
about increase slope with decrease temperature through the 
same range. 

But, order understand the effect temperature, and study its 
laws, the writer thinks necessary divide the slope into its two 
parts, one depending upon shocks and mass, and varying with the 
square the the other depending upon cohesion and 
adhesion, and varying with the first power the velocity. 

Making such division, well may from the experiments, the 
writer finds that, the small brass pipe, the part the slope varying 
with the square the velocity increases about with the decrease 
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temperature, and the part varying with the first power increases 
about 17%, while the large pipe having diameter 120 times 
great, the part varying with the square the velocity increased not 
more than 2%, and the part varying with the first power the velocity 
increased much 29% with the decrease temperature from 
38.5 degrees. Much more may deduced from these experiments 
show that the principal effect temperature upon that resistance 


motion due cohesion and adhesion which varies with the first 
power the velocity. 


2 


shares the authors’ desire abolish the term, from pipe-discharge 


formulas, although their illustration water being forced through 
pipe compressed air not very happy argument against it. The 
faith students will severely strained they are taught believe 
the theory when abundance experimental evidence exists showing 
regard formula for the flow pipes statement the conditions 
under which the frictional resistance equals the moving force. Grav- 
ity undoubtedly determines the moving force, but has nothing 
with the frictional resistance. Gravity sets the water motion and 
increases its velocity until its force balanced friction, but this 
very different thing from determining the velocity proportional 

29 

The writer does not agree with the anthors’ assumption the con- 
tinuity their law critical velocities (v= for pipes 
larger diameter, knows from his own experiments that there 
divergence from such law when the hydraulic radius exceeds 
ins., and that the critical velocity then increases with the hydraulic 
radius. The question the critical velocity may little import- 
ance regards the water supply towns, but will found 
matter very great importance irrigation and estuary tidal-river 
hydraulics, particularly relation silt carrying and scouring, and 
also connection with the resistance high-speed ships. 

The authors seem unduly confident their assumption that 
the index may taken constant through wide range 
values the formula 

The writer investigated this point very fully 1887, and arrived 
the conclusion that for small values the index must greater 
than for large values, and gave empirical method expressing the 
variation.* The authors’ experiments confirm the writer’s 


conclusion 


Transactions the Society Engineers, 1887. 


7 

| 


DISCUSSION FLOW WATER PIPES. 825 
because they show index 0.71 for small, smooth pipes, and this Mr. Thrupp. 
certainly too large for pipes more than ins. diameter. 

The region covered the experiments has now been well explored, 
and there not much learned further experiments small 
pipes, but some the technical colleges having hydraulic experi- 
ment facilities were use them for research the critical velocity 
phenomena relation and and the hydraulic gradient 
open channels with R=2 ins. and upward, much information 
practical and scientific value would brought light. 


ALLEN Hazen, Am. (by letter).—The paper records Mr. Hazen, 
most interesting investigation the flow water small pipes. 

There seem two elements the friction water small 
pipes: One depends upon the viscosity the water, and control- 
ling capillary tubes; the other seems depend more 
upon the kinetic energy required produce the motion the water 
whirls and eddies and other motions, and this element control- 
ling importance larger pipes. might naturally supposed that 
each these elements friction would present all cases, but 
varying relativeamounts. Darcy’sformula forthe flow waterin pipes 
form corresponding tothis idea; that say, two terms are 
used, one, varying with the first power the velocity, which the 
power which applies capillary tubes; and varying with the 
square the velocity, which the power found apply the flow 
water through very rough and crooked channels large size. 

The experiments the authors not indicate such gradual 
transition from one condition the flow the other. They indicate, 
rather, that the flow water tubes, toa certain point, called the 
critical velocity, follows accurately the flow water capillary tubes, 
and without change the exponents and and that from 
point slightly above this critical velocity the laws flow are the 
same for much larger pipes, and that the same exponents and 
apply. 

The writer’s experience with the flow water gravels had led 
him anticipate more gradual change than that shown the 
authors. For gravel low velocities the friction varies with the 
first power the velocity, and, the velocity increases, the diverg- 
ence from this law first slight and gradually increases, until 
much higher velocities, varies with the square the 
velocity. 

The experiments the authors are most useful throwing light 
upon this point. The change from one state flow the other may 
compared the flow water through vertical orifice. With 
water slowly rising behind it, the orifice first actsasaweir. Itfollows 
precisely the law discharge over weir until the water hits the top 
the orifice. Thereupon the flow once retarded, and com- 
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mences act orifice, and follows perfectly the law discharge 
through There intermediate ground. acts either 
happens started that way, and will not change from one 
the other except some outside influence, and may somewhat 
the same with small pipes. 

The authors have discussed length the formula for the flow 
water brass pipes above the critical velocity. The experiments also 
furnish some data for computing the flow below this velocity, but this 
matter not discussed the paper. The writer has taken the results 
those the experiments which seem clearly below the critical 
velocity, and has compared them with the formula for the flow water 
capillary tubes, which taken 

being the temperature, and the diameter, inches. 


The factor one which was deduced from experiments 


Lawrence represent the flow water, different temperatures, 
through capillary tubes. also represents the relative rates which 
water passes through sand, and which silt settles through quiet 
water. This term more convenient for practical use than the con- 
ventional factor Poiseuille, and sufficiently accurate. seems 
based one the primary physical properties water, and 
applicable directly, and with considerable accuracy, all the 
phenomena which depend upon the viscosity water. 

Table No. 10, the writer has stated the experimental results, 
taken from the authors’ tables, and has computed the value first, 
without using the temperature factor, and afterward, the temperature 
factor appears, and finally, the value corrected for the temperature 
factor. 

The changes temperature these experiments were too slight 
throw much light the application the temperature factor. 
Only the case the smallest pipe, No. was there consider- 
able range the temperature. This series indicates variation 
flow with change temperature amounting about 79% that 
computed the formula stated above. The writer thinks there can 
question that the temperature factor will apply much more 
closely than this small pipe. Possibly the smaller variation with 
this pipe indicates some change the condition the pipe between 
the two series experiments, may indicate the beginning 


gradual change the form flow and slight tendency the con- 


dition with higher velocities, where the influence temperature 
comparatively slight. 
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TABLE No. 10. Mr. Hazen. 
| | 
9.380 640 0.721 462 
23.600 660 71.9 483 
31.930 630 70.2 472 
7.200 470 38.3 1.240| 584 
19.000 440 38.4 545 
| 


interesting here note that the experiments Hagen, 
quoted the authors, seem correspond very closely with the 
above-mentioned temperature factor. Thus, taking the smaller pipe, 
0.00924 ft. diameter, approximately 0.11in., slope 10, 
the temperatures, velocities, are given Table No. 


TABLE No. 11. 


Velocity, scaled from Reciprocal tem- 
Temperature. plotting. perature Product. 

0.900 0.611 551 


The product constant, and the agreement close the 
velocities can scaled from the plotting. 
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The experiments the authors indicate that the above-men- 
tioned formula, ranges from 462 584, averaging about 495. The 
experiments Hagen show value about 10% lower. The experi- 
ments thus serve establish coefficient the formula for the flow 
water small pipes below the critical velocity, and the data are 
‘most useful this direction. 

interesting deduction that the critical velocity pipe 
point where the flows computed the formula for the flow water 
larger pipes and the formula for the flow capillary tubes are 
equal, and that all other cases the flow follows the formula which 
gives the lowest velocity for given slope. 

The effect temperature upon the flow water small pipes 
above the critical velocity most interesting. The effect tempera- 
ture seems less than one-quarter what below the critical 
velocity. nevertheless, large enough important ele- 
ment. The question may raised whether temperature exerts 
corresponding influence much larger pipes, whether the effect 
noted these experiments represents the beginning gradual 
change toward the capillary condition. The experiments themselves 
give indication this, the effect temperature seems 
quite great with the larger tubes with the smaller ones, but, 
should prove otherwise, would affect materially some the 
deductions the authors. 

The general form formula proposed, although very similar 
some the formulas which have been used, presents some interesting 
points. According the authors, the general formula, 

and are proportional each other, and This 
conclusion diametrically opposed that whose anal- 
yses led the conclusion that, increases, decreases, and 
that the sum the two exponents constant, namely 1.17. 

comparatively easy determine the value particular 
cases. involves passing water through pipe different velocities 
and noting the heads required. This experiment for which there 
are many opportunities, and sufficient data are available give very 
good idea the value this exponent for various conditions. 
much more difficult find the value 

The authors have very simple method computing when 
known. method equally easy, but, unfortunately, leads 
very different results. has seemed the writer that the most accu- 
rate value for could secured comparing the results obtained for 
very small and very large pipes. course, impossible secure 
very large pipes with precisely the same kind interior surface 
obtained very small pipes, but seems safer compare the results 


Journal the Association Engineering Societies, Vol. XXIII, 151 (1889). 


obtained from very large and very small pipes, even though their Hazen. 
interior surfaces differ somewhat character, than take the 
indications experiments more closely comparable, but covering 
shorter range. These experiments afford some admirable material for 
use this way, but may questioned whether the method com- 
putation the best that could used. 
The proposition that the friction varies inversely the 1.25 power 
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the diameter derived from the plotting reproduced Plate 
This plotting gives the values comparison with the pipe diam- 
eters, examination the formula used the authors 
shows that this value the slope feet per thousand when the 
This value usually not the result direct observa- 
tion, but computed from observations taken much higher veloc- 
ities. 
The exponents shown the authors, connection with the 
various experiments, indicate the rate which the slope increases with 
increase velocity. that end the plotting which shows the 
smallest pipe, these exponents average, stated the authors, 
about 1.75. the opposite end the plotting the 
much higher than this. Beginning the upper end and keeping near 
the lower line, indicating smooth pipe, there are positions marked: 
Benzenberg, 2.15; FitzGerald, 1.929; Stearns, 1.892; Williams, Hub- 
bell Fenkell, 1.765; Coffin, 1.726; Williams, Hubbell Fenkell, 
1.858; Hamilton Smith, 1.94; Adams, 1.74; 2.00; Williams, 
Hubbell Fenkell, 1.779; Darcy, 1.807. The average these expo- 
nents 1.87. 

The fact that the exponents are higher this end the line than 
the other indicates that comparison weie made higher 
velocity than that assumed, ft. per second, the slopes would 
increased more for the large diameters than for the smaller ones; 
other words, the exponent the reciprocal ratio would reduced. 

Plotting the results the experiments relied upon the authors 
for velocity ft. per second, and using the actual experimental 
values for the velocities, values reduced from the experiments 
nearest them, found that they diverge much more from the 
line for the authors’ experiments for brass pipe than the case for 
the plotting the values is, unfortunately, fact that 
probably none the large pipe had smooth surfaces the brass 
pipe used the authors, and some allowance must made for this 
fact the comparisons; and, while the line drawn general average 
would matter individual judgment, the writer would hardly 
give inclination greater than that corresponding exponent 
1.20, the matter were carried further, the exponent would 
probably lower. Further, the temperature effect should 


Proceedings, Am. Soc. E., for May, 1908. 
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found different large and small pipes, the value would vary 
with the temperature. 

For these reasons, care must taken extending the values 
found for very small pipes large sizes, and would better 
slowly accepting constant ratio between the exponents the 
general formula. 

The experiments are less value because this. critical 
examination extremes may lead more accurate understanding 
intermediate values, and this case the large number experi- 
ments exceeds anything available for the larger sizes pipe for which 
accurate computations are most often desired. 

seems that every discussion this subject only makes clearer 
that one formula can made apply all the conditions that 
there are, and, fortunately, such formula not necessary for 
practical purposes. The Chezy formula most useful, notwithstand- 
ing its wide divergences from ordinary conditions. easy 
devise exponental formulas represent the average particular ex- 
periments, but the multiplication formulas confusing. The 
writer has felt, however, that formula with exponents representing 
more nearly than those the Chezy formula the average all-round 
water-works practice, with such values should found ex- 
perience, would serviceable, particularly easy means solu- 
tion problems were provided. This idea was taken with 
Professor Gardner Williams, Am. Soc. E., and the formula 

was adopted, not representing clean pipe dirty pipe, large 
pipe small pipe, particularly, but simply approximation 
the conditions most commonly met, particularly water-works prac- 
tice. solve this formula, slide rule was designed, which was first 
constructed home-made way, and afterward more accurately 
instrument maker. This rule allows very rapid solution 
common hydraulic problems the formula, and the regularity the 
values found applicable with indicates sufficiently close ap- 
proximation accuracy the exponents selected, for most practical 
purposes. 
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Informal Discussion the ‘Annual Convention, June 10th, 1903.* 


For 


Sewage Purification.” 


Am. Soc. (by letter).—The writer’s com- mr. Hering. 


pulsory absence prevents him from opening this discussion person, 
had intended, namely, outline the entire subject its essential 
parts, dwelling upon those methods which are now more 
and concerning which there lack enough experience eliminate 
all differences opinion. Instead, sends the following brief 
remarks: 

This subject stands to-day, totally different light from what 
did less than twenty-five years ago. complete purification 
sewage now resolves itself into the necessity establishing the best 
conditions for the most suitable bacterial life become most effective, 
because only recent years have recognized this minute life 
the essential feature the process. 

Bacteria may active flowing, large bodies compara- 
tively quiet, water. get the desired effect, the bacteria contained 


The discussion this for which formal was presented, printed 
Proceedings order that the views expressed may brought before all members 


for further discussion. (See Rules for Publication, Proceedings, Vol. 


Communications this subject received prior October 23d, 1908, will pub- 
lished subsequently. 
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the sewage itself, its proper dilution, accomplished inoffensive 
manner, therefore one the important questions, and not yet 
completely answered. 

The purifying bacteria may also active porous soil, notably 
sand, and imitation Nature’s production spring water, the 
result may completely satisfactory under suitable conditions, which 
are now fairly well understood. 

Under still other conditions, different class bacteria, also con- 
tained sewage, brought into service, the same bacteria may 
brought act under modified conditions, and, with the aid 
the liquefying process putrefaction caused them, may get rid 
much the suspended matter, which the most troublesome 
element all phases sewage purification. But such aid only par- 
tially solves the problem. Bacteria must again set work 
convert the liquid sewage finally into mineral and inoffensive solutions, 
order gain this end, number practical ways accomplishing 
these different processes are now use 

Numerous local conditions have been the cause variety 
solutions, some which are still trial and await further investi- 
gations and study from actual experience large scale. America 
and Europe this experience now being gathered, and general 
discussion the recent results gained should instructive and 
valuable. 


posal has always enough matter the non-technical 
people who mostly control the affairs municipalities, but those 
charged with its administration, has been, and still continues be, 
exceedingly complex. The latter class are conservative estimates 
and statements, while the former are positive that they, any rate, 
have struck the final solution. 

the matter examined historically, found that sewage 
disposal, pendulum-like, has swung back and forth between certain 
extremes. From fifty sixty years ago the sewage nuisance had 
far forced itself upon public attention that considerable number 
works were constructed England, the report Henry Austin, 
the Means Deodorizing and Utilizing the Sewage Towns,” 
published 1857, general the subject given. that 
time, chemical precipitation was coming into use, and extravagant 
notions the value the manure obtained were indulged in. 
unnecessary state that none these methods has justified the 
hopes its inventors. great many patents were taken out for 
various chemical processes, from about 1835 1860 1870, but the 
majority these patents were impractical never into 
operation. Indeed, sewage disposal, owing perhaps its complex 
nature, not properly subject patents. The useful developments, 
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thus far, have been mostly the work scientific men, and ordinary Mr. Rafter. 
inventors have scarcely contributed anything thereto, nor are they 


likely to, because the complexity the operations such 
beyond them. 


The separation the solid matters suspension sedimentation, 
straining filtration, however, interesting process, which was 
tried England about the year 1850, and which, from its developing 
lines quite similar what now known the septic process, may 
considered little length. Mr. Austin describes the works 
Cheltenham, England, for what calls mechanical process for 
separating the solid matter sewage, follows: 


building divided longitudinally, forming below ground 
two sets reservoirs tanks, which are employed alternately. The 
sewage passes through vertical filters the upper and lower tanks, 
whereby the great bulk the matters suspension separated and 
retained. These filters are ft. deep and ft. thick, and consist 
coarse gravel inclosed within 2-in. perforated boards, these being pro- 
tected with basket work prevent clogging. 

heavier matters the sewage deposit themselves the 
bottom the tanks, but large proportion the solid forms itself 
into floating body, and accumulates about ins. thick the 
surface. The liquid conveyed from the angular filters the upper 
tanks line pipes each division. 

weir, rather division, the third lining tank, causes the 
water, then partially clear, flow through channel each end, 
during its passage through which certain proportion cream 
lime, mixed the floor above, falls into it, and occasions further 
precipitation place. The effluent water then passes through 
another filter with gravel finer than before, and then through third, 
finer still, the outfall. 

When either reservoir contains certain amount solid matter, 
the flow sewage cut off and turned into the other. This takes 
place about every eight weeks, and the filtering medium gravel 
removed the same time and washed. The contents the tanks 
which are state ‘slush’ are then hoisted buckets through the 
trap lids the floor above, and wheeled out and mixed with the 
refuse the town, the ashes, street sweepings, etc. These 
are brought the yard, and kind embanked reservoir formed 
them immediately outside the building, and the semi-solid 
sewage wheeled into the midst, the dry refuse outside turned 
The liquid once absorbed, and after being turned over and 
thoroughly intermixed, the solid mass fit for immediate removal 
and use. 

ashes and dry refuse the town are said just sufficient 
for the purpose. They absorb about two-thirds their bulk sew- 
age; that say, one cubic yard the ashes, etc., and two-thirds 


cubic yard the semi-fluid sewage, make only one cubic yard 
solid manure.” 


The foregoing quotation especially interesting indicating that 
Mr. Austin observed operation the Cheltenham tanks exactly 
now known exist tank; that is, the heavier matters 
deposit themselves the bottom, while considerable portion the 
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solids forms itself into floating body, accumulating the thickness 
about ins., the surface. view this fact, seems fair 
say that practical way Mr. Austin was reality the discoverer 
the septic tank. Nevertheless, the real significance the septic tank 
—the fact that the changes going are biological—was not appreciated 
him, shown his calling mechanical process for separ- 
ating the solid matter Nor, indeed, does anyone seem 
have appreciated the significance these tanks, although number 
them were built and operated England, with such success pos- 
sible for that kind tank, but the so-called chemical purification 
process forged rapidly the front, and mechanical separation—which 
now called septic action—was lost sight for number years, 
and chemical purification became for time the leading form 
England. 

the meantime, land purification processes, where the proper 
conditions obtained, were slowly gaining ground. These processes 
have always labored under this disadvantage, that not being any way 
subject patent, they have never had the booming which chemical 
precipitation and purification septic action have received, although 
whether this great advantage may, perhaps, open ques- 
tion. any rate, the progress which such processes have made, 
while slow, has nevertheless been sure, until are justified saying 
that where proper conditions obtain, broad irrigation and intermittent 
filtration are, all things considered, the most satisfactory systems yet 
worked out. Asa broad proposition, consideration the value 
the crops produced, broad irrigation the cheapest system yet 
devised. Experiments Berlin, Paris, Croyden, Doncaster, Bir- 
mingham and other places, show that large crops may produced 
and eaten without prejudice health. 

Let now consider the recent development sewage purification 
means bacterial action. This has been favorite subject for 
consideration number biologists, scientific writers, etc., for 
good many years. The history the matter will not gone into 
length this time, any further than point out two three signifi- 
cant guide posts along the line. Like all other discoveries, its devel- 
opment has been gradual, and the work many men instead one. 

far can learned, Dr. Alexander Mueller was the first person 
appreciate clearly that bacteria were the prime agents sewage 
purification. About 1880, Dr. Mueller took out patent, endeavoring 
utilize the micro-organisms sewage for purposes purification. 
Works were built under this patent, and were operation for some 
time, purify the effluent manufacturing establishment for beet 
sugar. Dr. Mueller says: 


The contents sewage are chiefly organic origin, and con- 
sequence this, active process decomposition takes place 
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mineral matters, or, short, are mineralized, and thus become fit 
serve food for plants. the superficial observer this process 
chiefly process digestion, which the various, mostly micro- 
scopically small, animal and vegetable organisms utilize the organi- 
cally fixed power for their life purposes. 

decomposition sewage its various stages characterized 
the appearance enormous numbers spirilla, then vibrios 
(swarming spores), and, finally, moulds. stage commences 
the reformation organic substance, with the appearance the 
protococcus, etc.” 

the meantime, December, 1881; and January, 1882, account 
Mouras’ automatic scavenger was published France. This 
apparatus consists closed vault with water-seal, which 
stated rapidly transformed excrementitious matters into homo- 
geneous fluid, only slightly turbid, and holding the solid matters 
suspension the form scarcely visible filaments. The principle 
upon which the automatic scavenger acts that animal dejecta con- 
tain within themselves all the principles fermentation necessary 
liquify them and render them useful. Later observations show 
that view, that animal dejecta contain within themselves the 
fermentative principle, fundamentally true, and, this particular, 
Mouras, with Dr. Mueller, was advance the scientific workers 
that day. 

number investigators were work upon the general problem, 
and May, 1886, Dr. Dupré, discussing paper Dr. Tidy’s, 
the Society Arts England, proposed cultivate bacteria 
large scale, discharging them with effluent into river where they 
might expected further purify sewage. 

January, 1887, Mr. Dibdin read paper, before the Institution 
Civil Engineers, which discussed the propriety using large 
quantities lime. that time many chemists claimed that lime 
was especially valuable sewage purification because destroyed 
living organisms, such bacteria, which give rise putrefaction, the 
idea being that, all the organisms could destroyed, sewage would 
rendered innocuous. Mr. Dibdin took the ground that the very 
essence the sewage purification not the destruction bacterial 
life, but the resolution organic matter into other combinations. 
Hence, follows that antiseptic process the very reverse the 
object aimed at. That say, septic process required, 
and hence the name septic sewerage applied later designate this 
process. 

November, 1887, the Massachusetts State Board Health com- 
menced their classical experiments the purification water and 
sewage filters. The first two volumes the reports, published 
1890, laid the foundations the modern development bacterial 


sewage, through which the organic matters are gradually dissolved into Mr. Rafter. 
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Mr. Rafter. sewage purification processes. The experiments were carried out 


with unparalleled wealth detail, and, taken ali all, they are 
still unapproached work done anywhere. The reports have been 
continued from year year down the present time. far 
known the writer, criticism the work the Massachusetts 
State Board Health has ever been made, except that their experi- 
ments were somewhat too limited scale entirely comparable 
with practice, nevertheless, the general deductions have been con- 
firmed very large number sewerage works, both Europe and 
America. 

English engineer, Scott Moncrieff, constructed experi- 
mental works for the bacterial purification sewage 1891. 
constructed bacterial tank, which the old principle upward 
filtration was applied, the crude sewage being admitted from below 
and gradually flowing upward through bed stones. this way 
found that the liquefaction solids was effective that the sludge 
ten persons was absorbed yds. land. The space beneath 
had capacity less than cu. ft., and would obviously have filled 
except for the liquefying action which had taken place. 

1892, Mr. Dibdin began his experiments filtration through 
coarse material, such burnt ballast, coke breeze, gravel, etc., the 
object being obtain high degree porosity, with power 
reabsorbing atmospheric oxygen. the first series experiments 
made, wooden tanks, with area acre, were used. 

the second series, the filter covered acre land, the material 
consisting ft. pan breeze, with ins. gravel. These experi- 
ments were continued from September, 1892, November, 1896. 
Space will not taken indicate the results, any further than 
say that, generally, the bacterial purification sewage was advanced 
considerably thereby. 

the meantime, Mr. Dibdin had also conducted experiments for 
the Sutton Urban District Council, and, 1896, constructed bacteria 
tank for that authority. This tank was fairly satisfactory, and, 
1897, the District Council gave orders for second tank turned 
into similar bacteria bed for crude sewage. The first tank 
was filled with raw sewage entirely untreated except that had been 
strained through screen intercept the grosser particles. During 
seventy-six days, sewage was treated the rate 773 000 galls. per 
acre per day, rest period included. the London experiments, 
000 000 galls. the effluent from chemical precipitation were treated 
the burnt ballast bed one acre, against about 000 galls. per 
acre per day treated through coarse sand, per the system the 
Massachusetts State Board Health. 

About 1897, Mr. Cameron designed and placed operation 
Exeter, England, septic tank. This tank the septic tank 
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now understand it. Its features are the reception sewage, without Mr. Rafter. 


any preliminary treatment, covered tank having capacity equal 
anywhere from hours’ flow sewage. The cross-sectional 
area this tank large enough permit the sewage passing very 
slowly through it, thereby depositing the heavy matters, leaving only 
the lighter ones pass forward with the water the coke breeze 
filter beds, constructed the same plan the London experi- 
ments. comparison the plans Mr. Cameron’s tanks shows 
that the essentials similar the tank use Cheltenham, 
England, and also the tank proposed Mr. Austin 
his report 1857. appreciate this fact, one needs have Mr. 
Austin’s report before him, together with plans Cameron tank. 

The septic tank has been experimented upon the 
State Board Health, and large amount valuable matter given 
the reports inclusive. These experiments, however, 
are somewhat too small scale decisive, although probably 
the main conclusions will verified more extended experiments. 
The most satisfactory experiments carried out the United States 
have been made Worcester, Mass. 

the success attained the purification septic sewage, 
whole, the results are somewhat contradictory, although, under 
certain conditions, the process may material addition sewage 
purification plant, but success cannot depended upon every 
case. Apparently, distinction must made between fresh, stale 
and septic sewage, and sewage mixed with refuse manufacturing 
waste, such refuse from tanneries, slaughter-houses, acid works, 
cheese factories, etc. All these different forms pollution need 
experimented upon before final general rule can formulated. 

regards the treatment fresh sewage, the results indicate that 
accumulation sludge within the septic tank must expected, 
and amounts considerable percentage that originally present 
the sewage entering the tank. Enthusiastic advocates bacterial 
purification have affirmed entire doing away with the sludge 
culty, but, thus far, this claim has not been verified. diffi- 
culty still remains, and when sewage works are operated large 
scale, will the source considerable trouble the future, 
has been the past. 

With stale sewage, which has undergone mechanical, chemical and 
bacterial action while flowing through the sewers, possible that 
the action the tank will much more satisfactory than the 
previous case. Experiments indicate that considerable proportion 
the organic matter suspension will removed either liquefac- 
tion changing gaseous form, and that its effluent can easily 
further purified filtration. 


the case septic sewage, which has already been subjected 
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bacterial action, further bacterial processes may not only unneces- 
sary, but even harmful, because they render sewage difficult purify 
subsequent oxidation. 

the effect sewage containing manufacturing wastes, the 
report Messrs. Kinnicutt and Eddy, ‘‘The Action the Septic Tank 
Acid Iron Sewage,” perhaps the most authoritative any 
experiments thus far instituted. These gentlemen state that from 
the slow passage acid iron sewage containing amount 
organic matter, represented about one part albuminoid 
one hundred thousand parts, amount iron solu- 
tion from five eight parts and the free acid terms sulphuric 
acid about ten parts one hundred thousand parts, the following 
results may expected: 


That about one-fourth the total solid matter contained 
the sewage will removed. 


(2) That the effluent from the tank will contain about less 
soluble matter than the crude sewage, owing the soluble matter 
the sewage being decomposed changed into insoluble substances. 

the amount suspended matter removed from the 
sewage -will not greatly exceed unless special precautions are 
taken retain the tank the finely divided iron sulphide, formed 
the reduction the soluble iron sulphate the sewage. 

That the amount organic matter removed from the sewage, 
determined from the albuminoid ammonia, will average from 
per cent. 


That, the suspended matter, the amount removed will 
average little under 50%, and that the amount soluble organic 


matter removed will not average much more than 10% the soluble 
organic matter the sewage.” 


also stated that while the sludge from such tank will 
proportionately from the original, nevertheless, not 
more than 50% will require removed, owing the fact that 
the sludge septic tank contains less water than sedimentation 
tank. 

The definite results gained the Massachusetts State Board 
Health and Worcester show that the purification effected 
septic tank slight very little advantage, and the 
septic tank, alone, cannot considered means sewage purifi- 
cation. must considered method transformation, merely. 

conclusion, the writer’s view that while the septic tank, and 
purification bacteria generally, has considerably advanced our 
knowledge sewage purification, nevertheless, method, will, 
the end, take its place with mechanical separation, chemical purifi- 
cation and many others, which have been temporary fads only, but 
that land purification processes, where there suitable land available, 
have the advantage not only effective purification, but, reason 
the value the crops, make possible partial complete return 
the outlay. Where suitable land not available, less pro- 
cesses are permissible. 
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THEORY CENTRIFUGAL PUMPS AND FANS: 
ANALYSIS THEIR ACTION, WITH 
SUGGESTIONS FOR DESIGNS. 


Mayo Assoc. Am. Soc. (by letter).— mr. Venable. 


This paper very interesting, points out some facts not gen- 
erally understood; but the writer cannot agree with the theory ad- 
vanced, which based partially upon erroneous assumption, and 
neglects the effect the vanes acting any direction other than that 
rotation. The conclusion concerning the possible improvement 
centrifugal pumps adopting type pump with nozzle, con- 
traction the opening, the tips the blades, producing high 
radial velocity flow there, entirely erroneous. 

Apply the author’s Equation the particular case used 
illustration page follows: 

whence must greater than which mechanically impossible. 
The paper makes 

*This discussion (of the paper Elmo Harris, Am. Soc. E., printed 
Proceedings for May, 1903, printed Proceedings order that the views expressed 
may brought before all members the Society for further discussion. 

Communications this subject received prior October 23d, 1903, will printed 


subsequently. 
Proceedings, Am. Soc. E., for May, 1903. 
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the velocity produced pressure head 

discharging water through orifice against external pressure. 

order that the author’s formulas may hold, the first condition 
must that there shall pressure head whatever the orifice 
the tips the blades. But any pump that discharges water against 
head must produce head equal the head worked against and also 
head sufficient give the water the necessary velocity, enter 
the intake; that is, velocity necessary pass the required 
quantity through the smallest section the suction passage, assuming 
that from there the pump has losses. 

But the velocity, reduced zero enlarging the discharge 
passages, would only create head worked against, the pressure 
the tips the vanes zero; and this would leave source head 
produce the flow the intake, therefore, can never 
great the formula requires. 

Consequently, the formula, 

cannot apply, because not real velocity, but hypothetical 
velocity, which reality represented less velocity, and 
actual pressure head. 

proper understanding the relation between velocities and 
pressures pump must based first principles. 

pumps,” ‘‘screw pumps,” turbine pumps,” and 
all other kinds pumps which the flow water unidirectional 
and that is, all pumps not provided with reciprocating parts, 
depend upon increasing the velocity the water means moving 
vanes orifices and retarding that velocity passing the water 
through channel enlarging section. Both the increase and the 
diminution velocity are accompanied the production useful 
head. Water motors the corresponding types only reverse the 
process, and develop mechanical motion. 

opening, and the pressure within such that water does not enter, 
the head the mouth the orifice, and 

But, does not balance the tendency the water enter the 
orifice, and water flows with velocity, losing velocity, 


the velocity head remaining the water 
29’ 


and the pressure head the orifice 


~ 
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Therefore, and are known, can found, for 
the quantity entering the orifice per second, and ais the area 
the orifice, 


the pump consists this simple orifice without other devices 
affecting the flow pressure purely ideal condition, mechanically 
impossible), the work lost making water flow through the orifice 

2 2 

These formulas hold good, not only for simple orifice, but for 
any device the form fixed passageway where the water changes 
its velocity from without friction internal currents for in- 
stance, applies passage which has smaller section where the 
water enters than where emerges, and the openings between 
blades ordinary centrifugal pumps. 

Besides the loss due there are also friction losses. These may 
divided into three classes: 

1.—Friction water the surface the pump parts 

2.—Friction water water, due ordinary changes velocities 
which cannot avoided 

3.—Friction water water caused abrupt changes the 
direction flow, that the water disturbed unnecessarily, owing 
imperfection design. 

Necessarily, the process taking water orifice, the water 
assumed stationary and the orifice moving, must accompanied 
counter process, that discharging the water through another 
orifice, and reducing its velocity again rest. This implies two sets 
orifices passages, one set moving and one set fixed. the 
motion the water, relative the passage which flowing, 
should continuous process retardation. Its actual velocity 
undergoes, first, process acceleration, and, second, process 
retardation, motor, the motion the water relative the 
passage which flowing continuous process acceleration. 
Its actual velocity undergoes changes similar those pump, but 
with velocities reversed direction. 

impervious surface moving liquid, neglecting friction, can 
produce velocity only normal its face. must produce 
velocity equal the component its velocity normal its face, 
otherwise the liquid would pass through the surface. The actual 
velocity the liquid must the result the velocity the motion 
the surface, normal itself, and some velocity, parallel the 
surface, not affected its motion. 

the surface the plate normal the direction its motion, 
produces velocity only the direction its actual motion. 


The efficiency, therefore, 


Mr. Venable. 
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series such surfaces arranged radially around axis may 
called simple centrifugal pump. 
Let radius any point the surfaces; 
angular velocity, revolutions per second; 
actual velocity the surface any point; 
The centrifugal force the result restraining the velocities, 
into circular paths. Ifthe water between and the axis 


rotation, the centrifugal force due rotation between and pro- 
duces head, 


there flow, the water will set motion from the axis out, 
and the head becomes 


h= 


h = 29° 


which the same the derived Mr. Harris. 


This head the head produced retarding the velocity, 
2 


The head, the head produced retarding the water 


from less the head required give the velocity, nec- 


essary enter between the plates. 

Call the radial velocity through the pump The motion rota- 

tion cannot affect this velocity, which parallel the blades. 

Therefore, must produced the head, leaving head, 

does not matter whether has its maximum value 
usual, whether has its maximum value Mr. Harris sug- 
gests, far the fact that must produced the pump con- 
cerned. The maximum value must used the equation given. 

should have its maximum value because that the natural 
place for the smallest section the pump, and nothing gained 
shifting outward. The actual size the orifice 7,, measured 
around the circumference the circle and corrected for the angle 
which the water enters is, the case radial vanes, 


where the width the vanes and the angle included 
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between the direction the water and the direction motion, just Mr. Venable. 
within the vanes 
Such pump would have large friction losses where the 
velocity, suddenly produced. This can avoided 
the vanes admit the water 
gently; but this introduces 
other elements into the design. 
The following equations are 


Fig. 36. 

angle, the direction its 
motion. Its velocity motion 
The component this, 
normal the surface, sin. the velocity flow normal 
the direction motion the surface. the velocity motion 
the water parallel with the motion the surface, however pro- 
duced. The actual flow water represented 

the velocity the water measured parallel with the surface. 


cos. 


consider two such plates, parallel one another, with 
orifice between them, the identity this expression, 


with the expression derived for moving orifice, will 
easily seen. The other formulas for orifice can readily applied 
this case. 

The plate, however, does not move actually against water rest. 
produces velocity, sin.” the direction its motion. 


the pressure head the orifice. 


the velocity head actually present between the plates, which may 
converted into head proper 
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make 90°, have again the case with radial vanes 


h, hy = 


all which correspond with previous results. 

If, instead plates, such shown Fig. 36, there are curved 
plates, shown Fig. 
37, the same velocity, 
may produced gently, 
instead suddenly, with 
the same production 
useful head. The actual 87. 
cross-section the stream water increases the velocity parallel 
the blades diminishes. The velocity flow along the plate 


entrance, this and the discharge from the 
sin. 

sin. 


The total head produced the moving orifice plus the curvature 
the blades 


and the final velocity produced is 


cos. sin. the water enters between the blades with- 


out producing any head the orifice, but there still there velocity, 


sin.” causing friction with the water beneath. tan. 
there sudden change the velocity the entrance, but slight 
head required make the water enter, account the component 
the velocity the plate, which must overcome. 

There may series inclined blades arranged around axis 
rotation one two ways. These two arrangements are illus- 
trated Figs. Fig. blades are arranged that 
the water intended flow from the axis rotation outward. 
Fig. the water flows the same direction the axis rotation. 
Pumps with radial direction for are usually called 
the others are pumps. The same fundamental 
formulas apply, but they must adapted take into account the 
different values various points the blade, owing variation 
inr. This variation affects the two classes differently. 


Proceedings, Am. Soc. E., for May, 1903. 
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The manner converting the velocity water after leaves the Mr. Venable. 


blades also different the two kinds pumps. the centrif- 
ugal” type, one chamber which encloses the pump collects all the 
discharges between the vanes and retards their velocity. the other 
plates must used reduce the velocities one 
direction and intensity. 
the case the centrifugal type, the formula becomes 


2 


will seen that when very large compared with the 
angle, not very important; but that when and are not widely 
different, both and are very great importance producing 
head. 


The following considerations should fix the curvature the 
blades. 

must such allow the water free entrance with 
normal the direction rotation, when the pump operating 
the conditions for which especially designed. 

must such produce the required head, connection 
with the other dimensions ofthe pump, namely, and the width 
the vanes the water passes out. 

3.—The curvature from must such give the water 
continuous change velocity passes through, and nearly 
uniform change from possible. 

The pump casing should also formed that the velocity, 
will reduced gently and uniformly the velocity the discharge 
pipe. This implies steady enlargement the section the pas- 
sage, measured normal the direction flow. 

Centrifugal force incidental changes velocity, and its effect 
included consideration the specific effect all velocity 
changes. 

pump, attain the highest efficiency consistent with economical 
construction, must designed for particular speed, head and dis- 
charge. Change any these elements will affect the efficiency 
injuriously, will not result good efficiency can secured 
the same cost with modified design. pump operate 
various heads, its design should adapted secure the best results 
some intermediate head, that the average efficiency will 
high possible. 

The problem designing pump which parallel with the 
axis rotation one shaping properly the vanes and 
all radii. The formulas given herein are applicable for each particular 
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radius. will readily seen that sin. cannot advantageously 
exceed 90° such pump. 


centrifugal pump will noticed that positive only 
when 


Ws 
sin. 


9 


Therefore larger the smaller 

sin. 

The motion the blade cannot possibly produce motion the 
water contact with greater than vin the direction 
tive, negative head being created the curvature owing 
pressure developed other points being consumed there pro- 
ducing the velocity, v,, greater than That part the blade with 
cos. negative must act motor opposing the pump. fact, 
cos. made sufficiently great, will become negative, and the 
pump discharge water reverse direction from the ordinary one. 

recapitulate: All pumps the general class under discussion 
rely for their production head upon the retardation velocity 
the water relative the walls the passages which flowing. 
This retardation two sets passages, one which moving, 
which the water acquires velocity which should not exceed the 
velocity the moving walls, measured the direction that mo- 
tion, and the other set which fixed, and enlarges section 
order secure head from the actual velocity the water enters 
the fixed passages. 

The sum the head produced these two sets passages the 
total head the pump, which must counterbalance opposing head, 
overcome friction, and create the velocity necessary cause the 
water enter between the blades the intake. 


Esq. (by letter).—Mr. Harris presents exceedingly 
simple and sensible treatment the theory centrifugal pumps and 
fans. subject regarding which, Mr. Harris points out, very 
little valuable accurate information has been published. does 
not follow from this, however, the paper leads one infer, that 
nothing valuable accurate known regarding centrifugal pumps. 
probable that each the principal builders pumps this 
class have their practice anticipated many the discoveries that 
Mr. Harris has made and set forth this paper. certainly true 
that practically all the more important points presented Mr. Harris 
were discovered independently the practice the Allis-Chalmers 
Company, and the writer feels the better able express his apprecia- 
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tion the merit the discussion Mr. Harris, because from the Mr. Adams. 
practice that company able give numerical results 
measure the value theories which Mr. Harris has approached 
entirely from theoretical and mathematical standpoint. 
The paper able and valuable contribution subject which, 
the past, has not received, from our universities and their professors, 
the attention which its magnitude and theoretical interest justified. 
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will reproduced the Volumes Transactions. Any informa- 
tion which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final publication. 


WILLIAM SHATTUCK LINCOLN, Am. Soc. E.* 


Diep May 1902. 


William Shattuck Lincoln was born May 19th, 1837, Dennys- 
(Lincoln) Lincoln. One his great-grandfathers was Major-General 
Benjamin Lincoln, distinguished soldier the Revolution. his 
early life and schooling have very scanty information. There is, 
however, evidence pointing residence for time Boston or, 
possibly, Cambridge, though his name not found the Harvard 
rolls. But, however this may be, his active and well-trained mind 
had the best results that any school can give. 

the age nineteen, following older brother, went West, 
and October, 1856, find him Division Engineer, charge 
construction the Cincinnati and Chicago Railroad, from Richmond 
Logansport, Indiana. Here remained until January, 1861, when 
was appointed Principal Assistant Engineer charge construc- 
tion the Chicago and Cincinnati Railroad, between Logansport and 
Valparaiso, Indiana. Both these lines now form parts the 
vania Railroad line between Richmond and Chicago. 

July, 1865, entered the service what now the Wabash 
Railroad Company, which service remained until his death—a 
period nearly thirty-seven years. His first position this service 
was that Resident Engineer the Western Division the 
Toledo, Wabash and Western Railway, with headquarters Spring- 
field, 

June, 1868, was appointed Chief Engineer the Decatur 
and East St. Louis Railroad, built between these points part the 
Wabash System. Upon the completion this line, January, 1871, 
resumed his position Resident Engineer the Western Division, 
position which retained for nine years. During this time 
also acted Consulting Engineer the Lafayette, Bloomington and 
Mississippi, and the Lafayette, Muncie and Bloomington, Railroads. 

January, 1880, after the Toledo, Wabash and Western Railway 
and the St. Louis, Kansas City and Northern Railway had been con- 
solidated the Wabash, St. Louis and Pacific Railway, Mr. Lincoln 
was appointed Engineer for the lines west the Mississippi River. 


Memoir prepared Robert Moore, Past-President, Am. Soc. 
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September, 1881, was appointed Chief Engineer the whole 
system, with headquarters St. Louis—a position which held until 
his death. 

1872 Mr. Lincoln married Lula, daughter Captain Alvin 
Higgins, Logansport, Indiana. This congenial and happy marriage 

ended May 4th, 1894, the death Mrs. Lincoln their 
home Logansport. 

His own death occurred St. Louis, May 16th, 1902, the 
Mullanphy Hospital, where, few days before, had undergone 
serious surgical operation the hope obtaining relief from severe 
neuralgic affection from which for years had been almost con- 
stant sufferer. was buried the side his wife Logansport, 
Indiana, leaving children survive him. 

Mr. Lincoln was elected Member the American Society Civil 
Engineers December 5th, 1883. engineer, was careful, 
thorough, conscientious and sound. The entire confidence reposed 
him engineer and man, those having the best possible 
means judging him correctly, shown abundantly his long- 
continued service with one railroad system, through many vicissitudes 
management, reorganization and control. But, complimentary 
was this long service with one corporation, had the effect, when 
coupled with his retiring and home-loving disposition, limiting the 
range his acquaintance well the scope his professional work; 
that was not widely known his great merits would other- 
wise have made him. those, however, who had the opportunity 
knowing him was held the highest esteem. Unassuming and 
unselfish, clear-headed and with cheerful fortitude which 
years suffering could not shake, was man noble type whom 
was privilege count friend, and whose memory lasting 
possession all who knew him. 


GEORGE HENRY MENDELL, Am. Soc. E.* 
1902. 


George Henry Mendell was the eldest four children—a girl and 
three boys—all whom outlived. 

was born October 12th, 1831, the Village Youngstown, 
Westmoreland County, Pennsylvania, from which place his parents 
moved Blairsville the adjoining County Indiana 1837. 


*Memoir prepared Messrs. Grunsky, Conte and Marsden Manson, 
Members, Am. Soc. 
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His father, George Mendell, was teacher, and evidently gave 
his son very thorough grounding English, Latin, Greek, and the 
rudiments mathematics, which was followed the instruction 
given the Blairsville Academy, McCall, graduate Jeffer- 
son College. The course the Academy embraced Historia Sacra, 
Commentaries, Virgil’s Bucolics, Georgics and Horace, 
Cicero’s Officiis, Senectute and Amicitia, etc., Latin, and the 
Anabasis and the Iliad, Greek, with some mathematics. This course 
was completed the years very creditable style. 

During two years this time was also instructor, and re-. 
ceived his own instruction free. 

the autumn 1847, the age 16, young Mendell undertook 
teach school for four months, which duty performed very credit- 
ably for the modest pay $20 per month. 

1847-48, during visit relatives Massachusetts (the native 
State his parents), heard West Point Military Academy, and, 
through his own exertions, obtained the appointment from Congress- 
man Buffington, entered July Ist, 1848, and was graduated third 
his class 1852. selected the Topographical Engineer Corps 
his line service, which corps, during the war, was consolidated 
with the Engineer Corps, which remained until was retired 

was Assistant Topographical Engineer the survey the 
Northwestern Lakes, 1852-54, then the staff Major-General 
Wool, commanding the Department the Pacific 1854, which 
time the advantages the Pacific Slope made lasting impression 
his mind. 

was thereafter assistant railway exploration survey from 
San Francisco Fort Yuma, and later, 1855 and 1856, expe- 
dition against hostile tribes Oregon and Washington Territories. 
From 1856 1858, was charge the construction military 
roads Oregon and Washington Territories. was then called 
the Military Academy West Point, and served there Assistant 
and Principal Assistant Professor Natural and Experimental 
Philosophy. 

the outbreak the War the Rebellion was assigned 
Colonel Miles’ Division the Manassas Campaign, and thereafter ren- 
dered valuable service special duty and command the United 
States Engineers’ Battalion reconnoissance work, building, guard- 
ing and destroying bridges, constructing batteries, blockhouses, 
trenches, making and repairing roads, and carrying siege 
operations Petersburg, Va. was Assistant Engineer the 
defenses Baltimore, Maryland, 1864. After again serving in- 
structor the Military Academy for year, which duty had 
been assigned recover from disabilities incurred the field, was 


. 
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for brief period Superintending Engineer harbor defense works 
New Bedford, Massachusetts, and the work for the preservation 
Plymouth Beach. 

1867 was transferred California, and took charge the 
fortification work Island and Lime Point, San Francisco 
Harbor, and, soon after, the defenses the mouth Columbia River 
and Fort Point, San Francisco. 

His activity was not confined his Government work, which in- 
cluded the Wilmington Harbor breakwater, examination and survey 
Estero Bay and San Diego Harbor, the removal Rincon Rock 
San Francisco Bay, the improvement Oakland Harbor and the Sac- 
ramento and Feather Rivers and the construction Francisco 
Harbor defenses, for was member the Commission appointed 
1874 examine the irrigation possibilities California. was 
member and President the first California Débris Commission 
regulate hydraulic mining. was the Commission select site 
for naval dry dock the Pacific Coast north Latitude 42°, and 
the Commission select site for military post San Diego, 
California, and the Board Engineers for the planning Pacific 
Coast defenses. 

Colonel Mendell was consulted the City and County San 
Francisco reference the sufficiency the City Hall concrete 
foundation. 1876-77 was entrusted this city with the exam- 
ination possible sources water supply, and made exhaustive 
report, which has proved great value the city. From 1878 
1880 was Consulting Engineer the State California, acting 
adviser the State Engineer, who was charged with the investiga- 
tion irrigation, drainage and mining débris problems. was also 
member the Sewerage Commission for the City and County San 
Francisco, appointed 1892 the Board Supervisors. 

the time his retirement was the Senior Colonel the 
Engineer Corps the United States Army. 

Among the works with which was more less prominently con- 
nected Consulting Engineer subsequent his retirement may 
mentioned the Portland Water-Works, the appraisement the Los 
Angeles Water-Works, the examination the water supply possibili- 
ties for Berkeley, the drainage project for Reclamation District, No. 
108, the Sacramento Valley, and the Red Bluff 

was selected Mayor James Phelan under new city 
charter President the first Board Public Works for the City 
and County San Francisco, from January 8th, 1900, for three years. 
His efficient service organizing this new department, which benefited 
his long experience, his thoroughness engineer, and his ripe 
judgment, are thoroughly appreciated those who have been 
position judge the results. His term office was drawing 
close the time his death. 
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Colonel Mendell was one the founders The Technical Society 
the Pacific Coast, and was made its first President 1884, serving 
this capacity for two terms. 

General William Craighill, Past-President, Am. Soc. E., 
life-long friend and fellow officer the Corps Engineers, writing 
Colonel Mendell, says: 

have known him since 1849, when went West Point, and 
our acquaintance began with first appearance plebe’ the 
squad hesupervised drill-master. was then, always was, 
who did his duty well and thoroughly; but there was gentle 
way his manner, tone and expression, which proclaimed him, 


always was every relation life, gentleman, the highest type 
man. 


not know that can say more praise dear friend 
than that, after intimate acquaintance more than fifty-three years 
have always found him real Christian gentleman, and be- 
lieve this will the verdict everyone who knew him. His mental 
ability none can deny. was great; far beyond the 

Conte, Am. Soc. E., who was his chief assistant for 
twenty-one years, has this say: 

have served under Col. Mendell, both public well 
private works and have uniformly felt the genial warmth his friend- 
ship and the sound wisdom his counsels. was eminently fitted 
supervise, and did with the fullest regard the preconceived 
opinions those beneath him, and yet withal used such consummate 
tact make everyone feel everlasting regard for him and his 
conclusions. Few men were gifted this regard he, and still fewer 
could smooth over seemingly insurmountable and bring 
everything down one harmonious conclusion. loss will 


greatly felt the entire community, which faithfully repre- 
sented. Peace his ashes.” 


1858 was married Ellen Adair, daughter the late 
John Adair, Esq., Collector Customs Astoria, Oregon, and 
grand-daughter General John Adair, Governor Kentucky, Senator 
and Representative Congress, revolutionary soldier who re-entered 
the service his country the war with England 1812, and com- 
manded the Kentucky troops the battle New Orleans. This 
union two congenial spirits proved one. Through forty- 
four years they lived affection and love, devoted each other and 
their children. end that time, while resting her arm 
and being administered her loving hand, Colonel Mendell, with 
his mind clear and his eyes looking her anxious face, closed them 
all earthly things, while his pure spirit took its flight the better 
realms, there await the coming hers. 

just estimate Colonel Mendell’s worth and appreciation his 
professional work fittingly expressed the words the Chief 
the Engineer Corps the United States Army, who, sending out 
notice his death, says: 


Mendell’s record for distinguished service, his high at- 
tainments, his purity life, and his sincerity purpose, all matters 


relating either private public official work, have never been 


excelled any officer whose record has appeared upon the rolls 
the 


His entire life, from boyhood the ripe age seventy-one years, 
was crowded with active responsibilities far beyond those which fall 
the average man. All these met and discharged with the highest 
ability and integrity. these crowded duties, still found room 
-for the exercise benevolence rarely equalled its usefulness. 
was one the founders St. Luke’s Hospital, San Francisco, and 
for many years one its Directors, and never ceased take inter- 
est the welfare that institution. 
Gentle, noble, and great the discharge every duty, heleft kind 
memories with all who knew him. 
Col. Mendell was elected Member the American Society 
Civil Engineers September 6th, 1876, and served its Vice-Presi- 
dent from January 20th, 1897, January 18th, 1899, 
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MINUTES MEETINGS. 
THE SOCIETY. 


October 7th, 1903.—The meeting was called order 8.50 
President Noble the chair; Chas. Warren Hunt, Secretary; and 
present, also, members and guests. 

The minutes the meetings September and 16th, 1903, were 
approved printed Proceedings for September, 1903. 

Messrs. Alfred Trotter, Harrington and Arthur Tuttle 
were appointed tellers canvass the ballot the proposed amend- 
ment the Constitution. 

paper entitled South African Irrigation,” Francis Robert 
Johnson, Am. Soc. E., was presented the Secretary. 
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The tellers appointed canvass the ballot the proposed 


ment the Constitution* reported follows: 


Total ballots received 


The President declared the amendment adopted. 


586 


Corthell, Am. Soc. E., addressed the meeting inform- 
ally, and described certain commercial, agricultural and engineering 


features the Argentine Republic. 


Ballots for membership were canvassed, and the following candi- 


dates elected: 
MEMBERS. 


CHARLES ALBERTSON, Kobe, Japan. 

FREDERICK Guayaquil, Ecuador. 
FREDERICK ANDERSON New York City. 
Pontany Holyoke, Mass. 

Carr, New York City. 

Lapp South Bethlehem, Pa. 

Frep Montreal, Que., Canada. 
BROWNLEE St. Louis, Mo. 
Hurt Harpaway, Columbus, Ga. 
Anson Marston, Ames, Iowa 

ALEXANDER Glasgow, Scotland. 
Frank Victoria, C., Canada. 

Henry Post, New York City. 


FREDERICK SHEARWOOD, Montreal, Que., Canada. 


ALFRED Pittsburg, Pa. 

Epwarp London, England. 
Ross New York City. 

Cart San Francisco, Cal. 


See Proceedings, for August, 1908, 195. 
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Epwin New Brighton, Pa. 
Frank Pittsburg, Pa. 


MEMBERS. 


New York City. 
AUGUSTINE CRESSWELL, Perth, Western 
JoHN Pittsburg, Pa. 
Davis Drew, Cambridge, Mass. 

New York City. 
GRAHAM Chicora, Pa. 

Guy Ensley, Ala. 

THompson, Crosse, Wis. 

Van Philadelphia, Pa. 


The Secretary announced the election the following candidates 
the Board Direction, October 6th, 1903: 


ASSOCIATES. 


FREDERICK SNARE, New York City. 


JUNIORS. 


CAMERON, Montreal, Que., Canada. 
Comitin, Chiapas, Mexico. 
Farra San José, Cal. 

Winnipeg, Man., Canada. 
Davip Lake Charles, La. 

Gast, Cincinnati, Ohio. 

Epwarp San Francisco, Cal. 
Harry Topp Roxbury, Mass. 

Harry Lewis Coyote, Cal. 

Henry Jr., Newkirk, Okla. 
Hanna, Boston, Mass. 
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Henry Perez Hoyt, Millinocket, Maine. 

Jorpan, Cleveland, Ohio. 

McCrory, Charleston, 

Ray Philadelphia, Pa. 

New York City. 

New York City. 

Saltillo, Coahuila, Mexico. 
Cyrus Essex Junction, Vt. 
JAMES Sussex, Newark, 

Younes Pittsburg, Pa. 

Kansas City, Mo. 
FREDERICK WHITEFIELD WITHERELL, Pittsburg, Pa. 


Adjourned, 


October 21st, 1903.—The meeting was called order 8.40 


M., President Noble the chair; Chas. Warren Hunt, Secretary; 
and present, also, 103 members and guests. 


paper entitled ‘‘Some Railway Construction Oklahoma,” 


Allan, Assoc. Am. Soc. E., was presented the Secre- 
tary, who also read communications the subject from Messrs, 
Samuel Lea and Emile Low. 


second paper, entitled Fatigue Cement Products,” 


Van Ornum, Am. Soc. E., was presented the Secretary, 
who also read communications this subject from Messrs. Bel- 
linger, Buckley and Johnson. 


The Secretary announced the death Ezra GREENE, 


elected Member January 4th, 1882; died October 17th, 1903. 


Adjourned. 


THE BOARD DIRECTION. 


October 6th, 1903.—President Noble the Chair; Chas, Warren 
Hunt, Secretary; and present, also, Messrs. Briggs, Craven, Croes, 
Knap, Osgood, Pegram and Schneider, 

William Jackson, Joseph Davis and Charles Gowen were 
appointed Committee prepare memoir the late Alphonse 
Fteley, Past-President, Am. 

Gerber, Prout and Schneider were appointed 
Committee prepare memoir the late George Morison, Past- 
President, Am. Soe. 

Charles Macdonald, William Metcalf and Ockerson, were 
appointed Honorary Members (representing this Society) the 
American Reception Committee the and Steel Institute 
1904. 


Applications were considered and other routine business trans- 
acted. 


Two candidates for admission Associate and thirty-four 
Junior were 


Adjourned. 


*See page 375. 
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ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, November 4th, regular business 
meeting will held. Ballots for membership will canvassed, and 
paper Eugene Goetze, Esq., entitied Filtration for Public Water 
Supplies, with Especial Reference the Double Filtration Plant 
Bremen, Germany,” presented for discussion. 

This paper was printed Proceedings for September, 1903. 


Wednesday, November 18th, 1903.—8.30 this meeting 
paper George Cecil Kenyon, Assoc. Am. Soc. E., entitled 
Dock Improvements Liverpool,” will presented for discussion. 

This paper was printed Proceedings for September, 1903. 


Wednesday, December 2d, 1903.—8.30 regular business 
meeting will held. Ballots for membership will canvassed, and 
paper, entitled Desirable Method Dredging Channels through 
River Bars,” Maximoff, Assoc. Am. Soc. E., will pre- 
sented for discussion. 


This paper printed this number Proceedings. 


ANNUAL CONVENTION, 1904. 


The Thirty-sixth Annual Convention will held St, Louis, Mo., 
during the week beginning October 3d, 1904. 

This week has also been fixed for International Engineering 
Congress, held under the auspices Committee appointed 
the Exposition authorities, upon the recommendation this Society. 

also expected that the visit members the Institution 
Civil Engineers this country, invitation this Society, will 
timed that their participation the International Engineering 
Congress will assured. 


the details the above matters are developed, they will 
announced Proceedings. 
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INTERNATIONAL ENGINEERING CONGRESS. 


The following Committee, the Board Direction 


this Society, has been appointed the President the Universal 
Exposition, St. Louis, 1904, take charge International Engi- 
neering Congress held St. Louis during the week beginning 
October 3d, 1904: 


Henry Am. Soe. E.. New York, Chairman. 


Harrop, 


Knap, 


WARREN 


Cincinnati, O., 
Pittsburg, Pa. 

New Orleans, La. 
Charlestown, Va. 
Washington, 


St. Louis, Mo. 

Chicago, 

New York, 

St, Louis, Mo. 

New York, 

St. Louis, Mo. 

Troy, 

New York, Y., 
New York, Y., Secretary. 


UNIVERSAL EXPOSITION, ST. LOUIS, 1904. 
The Society has undertaken provide for Engineering Exhibit, 


and the establishment Headquarters for visiting engineers, and the 
Board Direction has appropriated sufficient fuuds defray the 
necessary expense. 


This matter the hands the following Committee: 
Am. Soc. E., St. Louis, Mo., Chairman. 
Epwarp Am. Soc. E., Chicago, 


Ind. 
Mass. 


Assoc. Am. E., St. Louis, Mo., Secretary. 
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LIST NOMINEES FOR THE OFFICES FILLED 
THE ANNUAL ELECTION, JANUARY 20, 1904. 


The following list nominees for the offices filled the 
Annual Meeting, January 20th, 1904, received from the Nominating 
Committee, was presented the Board Direction its meeting 


September Ist, 1903. The list has already been mailed all Cor- 
porate Members. 


For President, serve one year: 


Louisville, Ky. 


Curtis, Boston, Mass. 


For Treasurer, serve one year: 


Knap, New York 


For Directors, serve three years: 
Lewis, New York City, representing District No. 
Ossining, Y., representing District No. 
Joun Woonsocket, I., representing District No. 
Philadelphia, Pa., representing District No. 
Chicago, representing District No. 
Marx, Santa Clara, Cal., representing District No. 
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ACCESSIONS THE LIBRARY. 
From September 9th October 13th, 1903. 


DONATIONS.* 


THE ALTERNATING CURRENT TRANSFORMER. 


Baum. Cloth, ins., pp., illus. New York, Mc- 
Graw Publishing Company, 1903. $1.50. 


This book, stated the preface, originated course university lectures. 
intended for the general reader well the engineer. knowledge ele- 
mentary alternating currents presupposed. Chapters and are introductory. 
are intended imparta knowledge the transformer. The tests 
are carried out the student few commercial types. The chap- 
ter headings are: Elementary Principles; Simple Transformer Diagram; Graphical 
Representation Pressure Relations; Regulation; Efficiency; Testing; Systematic 
Design; Circuit Regulators, Constant Current Transformers, Series Transformers, Com- 
pensating Voltmeter; Connections Transformers for Single-phase and Polyphase Cir- 
cuits; Commercial Types Transformers; Extracts from Rulesand Requirements the 
Nationa! Board Fire Underwriters. There index seven pages. 


COMPOUND CORLISS ENGINES. 


James Tribe, Am. Soc. Leather, ins., 177 pp., 
illus. Published the Author, Milwaukee, Wis. $2.50. 


The author states the preface that this volume was intended the second edition 
his former work but much new material has been added 
and thorough has been the revision the old, that has become new book. its 
present form elementary text-book the generation and utilization heat and 
the transformation heat energy into mechanical energy means the multi-cylin- 
der Corliss steam engine. The work aims purpose, all the examples 
being based upon actual practice, and the data taken from engines are built and 
running. intended meet the needs the steam engine designer whose knowledge 
higher mathematics may limited. and who finds himself handicapped the usual 
complex formulas. The Contents are: Preliminary Investigation; Steam; Water for 
Steam; Heat-Energy; Expansion; Theoretical Diagrams; Horse- Power 
Standard Measurement for Work; Multiple Expansion; Steam Jackets: Single-Cylinder 
Engines; Double-Expansion Non-Condensing Engines; Dou ble-Expansion Condensing 
Engines; Double-Expansion Engines; Triple-Expansion Engines; Quadruple- 
Expansion Engines; Receivers; Condensing Apparatus; Injection Water. There 
index two pages. 


ENGINEERING PRELIMINARIES FOR INTERURBAN ELECTRIC RAILWAY. 


Ernest Gonzenbach. 6ins., New York, 
McGraw Publishing Company, 1903. $1.00. 


view the present interest interurban railway development and engineering 
the author submits, the result invitation from the Street Railway Journal, the 
lans and recommendations embodied report proposed railway the Middle 
West which serves example the many roads now and which may soon 
assume The book not intended the author attempt gener- 
alize and instruct others the art railway construction, but show the way 
which certain conditions were met together with the reasons 
which led the and plans therein submitted. The Contents are: In- 
troductory; Estimated Income; General Requirements; Third Rail vs. Trolley; Location; 
Roadbed and Track; Rolling Stock; Electric Car Equipment; Car Shops; Power Sta- 
tions; Transmission Line; Distributing System; Third Rail; Accessories; 
Operation; General Conclusions. 


PRACTICAL HYDROSTATICS AND HYDROSTATIC FORMULAS. 


Sherman Gould, Am. Cloth, 6x4 ins., 114 pp., 
illus. New York, Van Nostrand Company, 1903. cents. 


The preface states that the object this little treatise set forth clearly the 
laws hydrostatics which all practical problems may readily solved, 
and supplement them large number deduced formulas embracing wide 


otherwise specified, books this list have been donated the Library 
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range application, the whole being made anabundance illustrative figures 
and numerical examples. The treatment the subject includes the calculation the 
buoyant effect water upon immersed bodies. The Contents are: General Principles; 
Physical Properties Water: Transmission Water Pressure; General Law 

Hydrostatic Pressure; Inclined Surfaces; Horizontal Thrust and Vertical Downward 
Pressure; Hydrostatic Paradox; Hydraulic Press; Special Cases Hydrostatic Pressure; 
Examples for Practice; The Centre Pressure; General Law for the Centre Pressure; 


Centre Pressure Inclined Surfaces; General Formula; Practical Importance the 
Position the Centre Pressure; Problems; General Principles; Law Archi 
medes; Practical Application the Law Archimedes; General Law Buoyancy. 


MECHANICAL REFRIGERATION. 


Being Practical Introduction the Study Cold Storage, Ice- 
Making, and other Purposes which Refrigeration Being Applied. 


406 pp., illus. Whittaker London and New York, 1903 
$2.25. (Donated The Macmillan Company. 


writing this book, the author has endeavored confine himself the practical 
issues rather than the purely technical. and thus deal comprehensively with the 
questions insulation, ice-making and cold storage from the standpoint the owner 
and user. The Introduction explains the general principles mechanical refrigeration, 
and followed two chapters The Laws Heat, Fluids, Liquids, Gases and Vapors 
and Thermo-Dynamics and Entropy. The next three chapters explain and describe 
Refrigerating Machines and are followed chapters the Refrigerating Plant; 
Auxiliary Plant; Insulation; Brine; Distilled Water; Ice-Making; Cold Storage; Articles 
Cold Storage: Other Applications. This last chapter describes the application 
refrigeration the Brewery, the Dairy, etc. There index seven pages. 


IRON, STEEL, AND OTHER ALLOYS. 


Henry Marion Howe. Cloth, 457 pp., 


Sauveur Whiting, Boston, 1903. 


The preface states that this work was undertaken originally for the use the 
author’s students, supplement the instruction given lectures and other books. 
This aimed elaborating certain matters which are not treated length, 
all, other text books. The fact writing book fitted for students was oppor- 
tunity little farther and try meet the needs practitioners, giving them 
account the condition the iron to-day, and more particularly ex- 
pose them the present solution theory that metallography. The chapter head- 
are: Introductory; Cooling Curves; Freezing-Point Curves: Constitution Binary 
Alloys which Form Definite Chemical Compound; Other Series Curves Binary 
Alloys Forming Compound; Cooling Curves and Freezing-Point Curves 
Series Containing Definite Chemical Compounds; Electric Conductivity and 
other Properties Series Alloys; The Metallography Iron and Steel; The Heat- 
Treatment Steel and Cast Iron; The Phase Rule; Progress the Manufacture Iron 


and Steel between and 1900; The Blast-Furnace; Metallurgical Gas Furnaces; Ap- 
pendix. There index seventeen pages. 


THE MECHANICAL ENGINEER’S POCKET-BOOK TABLES, 
RULES AND DATA. 


Handy Book Reference for Daily Use Engineering Practice. 
the late Kinnear Clark, Inst. Fifth Edition, Revised 


Leather, ins., 692 pp., illus. New York, Van 
Nostrand Company, 1903. $3.00. 


This pocket-book has been prepared for the purpose shortening the calculations 
and other intricate mental operations which are among the daily reourring needs 
mechanical men. meet such needs, there will found about 350 tables results 
calculations relating the principal branches mechanical practice, which have either 
been compiled anew. drawn from various sources. There are, addition, about 500 
formulas and rules, with data general utility, classed for ready reference. For the 
fifth edition, the section dealing with electrical engineering has been largely rewritten, 
with additions, adapt recent developments. other sections, also, new 


matter has been added required, thus bringing the work date. There 
index eighteen pages. 
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THE PRACTICAL TESTING DYNAMOS AND MOTORS. 


pp., illus. Manchester, The Scientific Publish- 
ing Company. shillings, net. 


This little book intended serve elementary introduction the study 
continuous-current dynamo machinery. The author has endeavored make use 
little mathematics possible, results and inferences being discussed connection with 
curves obtained the experiments. The object throughout has been encourage the 
student carry out actual measurements machines rather than trust calcula- 
tions formulas. The descriptions experiments are intended for the use students 
who are beginning the study machinery and for engineers who are only 
slightly acquainted with electrical work. The headings are: General Purpose 
Tests; Armature and Field Resistances; Production Electro- 
motive Force ina Dynamo; The Magnetic Circuit; Armature Reaction; Shunt-Wound 
Dynamo; The Series Dynamo; The Compound Dynamo: Effect Current the Motor 
Armature; Efficiency Tests Motor; Efficiency Tests Dynamo; Miscellaneous 
Tests; Motor Generators and Boosters. There index three pages. 


FIELD AND OFFICE TABLES SPECIALLY APPLICABLE 


293 pp. New York, Spon Chamberlain, 1903. $2.00. (Donated 
the Author.) 


Among the tables this book are those for easement curves and for earthwork com- 
putation, several which, the author believes, are new. These include the Cubic 
curve, arranged for uniform chord length feet, and 
which gives all deflection angles for variety spirals; also the from 
Tangent Curve” and Angles Proportionate Squaresof are ap- 
plicable easement curves, but should found for other purposes. There are 
aiso tables for Earthwork Computation. Those for regular three-level sections and for 
correction are based upon tables used for computing the earthwork many 

undred miles prominent western railroad, and that for triangular prisms sim- 
ilar principle that for prismoidal correction. Other tables for field use are: 
Acres for Strip 100 Feet Metric Velocity Mean Refrac- 
tions and Reduction The table for Tangent Dis- 


tances for gives values for every minute 96°. Fourteen pages are 
devoted the explanation the tables. 


RAILROAD CURVES AND EARTHWORK. 


Frank Allen, Am. Soc. Third Edition. Leather, 


pp. New York, Spon Chamberlain, 1903. $2.00. 
(Donated the Author.) 


The preface states that this book was written especially meet the needs stu- 
dents engineering colleges. but hoped thac will found useful many engi- 
neers actual practice. the present edition the chapter the Spiral Easement 
Curve has been entirely rewritten and enlarged. Two pages have been added the 
chapter Special Problems Earthwork. The references tables have been 
changed apply the newly published Tables. The chapter headings are: 
Reconnoissance; Survey; Location Survey: Simple Curves; Compound 
Curves; Reversed Curves; Parabolic Curves; Turnouts; Tracks and Crossings; 
Cubic Spiral Easement Curve; Setting Stakes for Earthworks; Methods Computing 


Earthwork; Special Problems Earthwork; Earthwork Tables; Karthwork Diagrams; 
Haul; Mass Diagram; Tables and Diagrams. 


COMPRESSED AIR. 


Treatise the Theory and Practice Pneumatic Power Trans- 
mission. William Charles Popplewell, Assoc. Inst. 


Publishing Company. shillings pence, net. 


The author does not claim that his work exhaustive, but has made en- 
deavor discuss some the chief points the problems connected with the com- 
pression and transmission air, and trusts that his notes the principal features 
current practice will prove service students wellas practical engineers re- 
sponsible for the maintenance and equipment compressed-air installations. The Con- 
tents are: Introductory; General Principles Pneumatic Transmission Power; Air 
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Compressors; Ingersoll-Sargent Air Compressors; West Jenkin’s Air 
Air-Controlled Rotary Valves; Air Motors; and Tools Worked Com- 
pressed Air; Reciprocating Tools; Pneumatic Pumping Appliances; Pipes and Acces- 
sories Used the Transmission Power Air; Compressed Air Calcula- 
tions; Efficiency Tests Compressed Air Machinery; Diagrams from Single-Acting 
Two-Stage Compressor; Power Transmission. There index three pages. 


GEWOLBESCHMUCK ROMISCHEN ALTERTUM. 


Studien und Aufnahmen. Von Konstantin Ronezewski. 


gegeben vom Verfasser. Paper, ins., pp., illus. Georg Reimer, 
Berlin, 1903. marks. 


this work the author has attempted give description the most important 
antique vault decorations, with special attention the various styles ornamentation. 
The accompanying the volume are largely reproductions works Rome 
and Pompeii and are intended supplement the short descriptions. The Contents are: 
Allgemeines; Kassetierte Stuckdekorationen Tonnen- und 
Plastische Dekorationen sphirischer Gemalte Dekorationen cylin- 
drischer Dekoration sphirischer mit Malerei und Mosaik; Schluss. 


JAHRBUCH FUR DAS EISENHUTTENWESEN. 


und Ein Bericht die Fort- 
schritte auf allen Gebieten des Eisenhiittenwesens Jahre 1901. 
Auftrage des Vereins deutcher bearbeitet von 
Otto Vogel. II. Jahrgang. Cloth, 10x ins., 464 pp., illus. 
Diisseldorf, Bagel, 1903. marks. 


This Yearbook intended serve supplement the Stahl und 
Eisen and tothe Gemeinfassliche Darstellung des Hisenhiittenwesens, the 
Verein deutscher Eisenhiittenleute. classified, annotated index both German 
and foreign periodical literature treating the metallurgy iron. The subjects 
indexed are: Brennstoffe; Feuerungen; Feuerfestes Material; Schlacken; Erze; Werks- 
anlagen; Roheisenerzeugung; Giessereiwesen; Erzeugung des schmiedharen Eisens; 
Verarbeitung des schmiedbaren Weiterverarbeitung des Eisens; Eigenschaften 
des Eisens; Legierungen und Verbindungen des Eisens; Materialpriifung. 


Gifts have also been received from the following: 


Akron, Ohio—City Engr. vol. 
Alaska Treadwell Gold Min. Co. 
Am. Inst. Min. Engrs. bound vol. 


Hocking Valley Ry. Co. 
Hunt, Chas. Warren. pam. 


Mech. Engrs. pam. 

vol. 

Atchison, Topeka Santa Ry. Co. 


am. 

Ga.—Board Health. pam. 

Berlin Technische Hochschule. 
Binghamton, Y.—Board Health. 


am. 

Canada—Dept. Inland Revenue. bound 

Chesapeake Ohio Ry. Co. pam. 

City Record. vol. 

Clarke, bound vol. 

Colvin, Verplanck. bound vol. 

Fletcher, Robert. pam. 

Georgia Southern Florida Ry. Co. 


am. 
Scotland-—Corporation Tram- 
ways. bound vol., vol. 
Glasgow South-Western Ry. Co. 


Haverhill, Mass.—City Engr. 
Heyland, Alexander. pam. 


India—Director Ry. Construction. 
bound vol. 

Iron Steel Inst. vol., pam. 

Jamestown, Y.—City Clerk. 

Lehigh Univ. pam. 

Leland Stanford Jr. Univ. 

Madras, India—Pub. Works. Dept. bound 
vol. 

Manchester Ship Canal Co. pam. 

Maine Central Co. 

Marlborough—Water Commrs. 


Minneapolis, St. Paul Sault Ste. Marie 

Missouri, Kansas Texas Ry. Co. 

Montreal, Que.—City Clerk. bound vol. 

Morse-Boulger Destructor Co. 

Municipal Affairs. vol. 

Nashville, Chattanooga St. Louis Ry. 
Co. 

New London, Conn.—Board Sewer 
Commrs. 

vol. 

Norfolk Western Ry. Co. pam. 

North Eng. Inst. Min. Mech. Engrs, 


pam. 
Northampton, Mass.—City Clerk. bound 
vol., vol. 


Northern Pacific Ry. Co. 


Metropolitan Ry. Co. (London). 
Mich. Coll. Mines. vol. 
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Nova Scotia—Dept. Pub. Works Thacher, Edwin. par. 

Mines. pam. Toledo, Peoria Western Ry. Co. 
Ohio—State Engr. vol. U.S. Bureau Statistics. bound vol., 
Parsons, Wm. Barclay. vol. pam, 

vol., vol. Univ. Agri. Exper. Station. 
Randolph, Isham. bound vol. pam. 
Scranton Engineers’ Club. bound vol. Univ. Mich. Eng. Soc. 
Smith, Jas. Alex. pam. Wakefield, Mass.— Board Sewer 
South Australia—Rys. Commrs. vol. Commrs. vol., pam. 

vol. 


Whinery, Samuel. vol. 


PURCHASE, 


Grundriss der Electrotechnik fur den praktischen Gebrauch, fur 
Studierende der Electrotechnik und zum Selbstudium. Von Hein- 


rich Kratzert. Auflage. und Wien, Frank 
Deuticke, 1899. 


Gas Engines and Their Troubles. Roberts. With Ad- 
ditional Chapters Design, Construction, Powering and Propulsion 
Launches, Durand. New York, Marine Engineering. 


The Design and Equipment Blast Furnaces. John 
Stevenson. Published the Author, London, 


Devis Evaluations. Par Emile Dardart Auguste Bonnal. 
Paris, Vve. Ch. Dunod, 1903. 


Spon’s Engineers’ Price Book. Synopsis Current Prices 
and Rates for Engineering Materials and Products, Alphabetically 
Arranged Tabular Form, with Lists Standard Sizes and Extras 
Chargeable; together with Data Required Sent when Ordering, 
also Comprehensive and Concise Directory the Best Makers 
Arranged Alphabetical Order. Thomas Marlow. London, 
Spon, Ltd.; New York, Spon Chamberlain, 1903-4. 


Paris, Vve. Ch. Dunod, 1903. 


The Canal System England: Its Growth and Present Condi- 
tion, with Particular Reference the Cheap Carriage Goods. 
Gordon Thompson. London, Fisher Unwin. 


SUMMARY ACCESSIONS. 
September 9th October 13th, 1903. 
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MEMBERSHIP. 


ADDITIONS. 


MEMBERS. 


209 Adams St., Room 61, Chicago, 


ANDERSON. Cons. Engr., Jun. 
East 33d St., New York City 


Epwarp Pontany. Chf. Engr., Am. Writ- 
ing Paper Co., Holyoke, Mass. (Res., Spring- Assoc. 
Carr, Engr., First Div., Rapid Transit 
Comm., Astor Pl., New York City (Res., 
Carnegie Ave., East Orange, 
WEEDEN. Vice-Pres. and Gen. Elmira 
Water, Light Co., Realty Bldg., Elmira, Y.. 
Frep Div. Engr., Ry., Montreal, 
Que., Canada 
Chf. Engr., Mo., Kans. Tex. Ry. 
Co., 406 Wainwright Bldg., St. Louis, Mo............. 
Harpaway, Gen. Contr., Columbus, Ga.... 
Horn, Frank Res. Engr., Denver Union Water 
Marston, Anson. Cons. Engr.; Prof. Civ. Eng., Assoc. 
Iowa State Coll., Ames, Iowa 


Post, Henry Cons. Structural Engr., 281 Fourth 
Ave. (Res., 507 Maple St., Richmond Hill, Borough 
House Bldg., Pittsburg, Pa....... 
Engr. and Director, Gillespie Co., 
1123 Westinghouse Bldg., Pittsburg, 


ASSOCIATE MEMBERS. 
Care, Geo. Fuller Co., un. 
North American Bldg., Philadelphia, Pa... Assoc. 


1017 Frick Bldg., Pittsburg, Pa.. 

JAMES Care, Brown Hoisting Machinery 


[Society 


Date 
Membership. 


Oct. 1903 
Feb. 1897 
June 1898 
1903 


1898 
Oct. 1903 


Mar. 1892 


Oct. 1903 
Oct. 1903 
1903 
Oct. 1903 


1903 


Sept. 1903 
Oct. 1893 
Oct. 1903 
Oct. 31, 1893 
1899 


Sept. 1903 


Oct. 1903 


Oct. 1903 
Oct. 1903 
Oct. 1903 


Sept. 1903 
Aug. 31, 1897 
1903 
1903 
June 1901 
1903 


May 1903 
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GRANBERY, JULIAN 561 Walnut Jun. 
ALBERT Asst. Engr., Dept. 
Finance, West 85th St., New York City............. 
Highway Engr., Maryland Geo- 
Macy, Asst. Engr., Ry., St. Paul, 
Gove. Asst. Engr., Jersey City Water 
Mines, Cia. Minera Pefioles, Mapimi, Es- 
tado Durango, Mexico 
Asst. Engr., Mo. Val. Bridge 
Iron Works, 19th and Cherokee Sts., Leavenworth, Kans. 
Guy Track Engr., Tennessee Coal, Iron 
Supt. and Engr., Bridgeport Hydr. 
Co., 323 Water St., Bridgeport, Conn......... 
James. The Imperial Camera 
Van Loan, Morton. 2203 Bridge St., Frank- Jun. 


Asst. Engr., Norfolk West. Ry., 

ASSOCIATES. 


Pres., The Snare Triest Co., Cort- 
landt St., New York City 


JUNIORS. 


Susquehanna Co., Box 331, Galeton, 
Lake Charles, La................... 
Gast, 524 Considine Ave., Cincinnati, Ohio.. 
JABELONSKY, Care, Cornell Iron Works, 26th St. 
Kenwood St., Cleveland, Ohio.. 
314 Riverside Drive, New York 


Ray. $724 Main St., Wissahickon, Philadelphia, Pa. 
1913 Amsterdam Ave., New York 
Manheim St., near Wissa- 
hickon Ave., Germantown, 
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Sept. 1898 
Sept. 1903 
Oct. 
Sept. 1903 


Sept. 1903 


Oct. 1903 
June 1900 
Sept. 1903 


April 1903 


Oct. 1903 
Dec. 28, 1900 
Oct. 1903 
Oct. 1903 
Oct. 1903 


Sept. 1903 
Oct. 1903 
1903 


Sept. 1903 
Oct. 


Sept. 1903 
Oct. 1903 


Oct. 1903 


Oct. 


Oct. 
Sept. 1903 
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Date 
Membership. 
Swaty, Younes. Asst. Engr., Penn. Lines Pitts., 
Norman ALFRED. Asst. City Engr., 603 Grand St., 
CHANGES ADDRESS. 
MEMBERS. 
Boston Rd., New York City. 
Henry Chf. Engr., Chic. Alton Ry., Grand 
Central Depot, Chicago, 
GEORGE BARKER.......... White Plains, 
Park St., Boston, Mass. 
LAFAYETTE...... Chf. Engr., C., Ry., Chicago, 
499 Fifth Ave., New York City. 
FRANELIN......... House, Pittsburg, Pa. 
Div. Engr., Const., Atlanta Birming- 
ham Air Line Ry., Austell, Ga. 
ELWELL, CHARLES Supt., Air Line, Northampton Div., 
Conn. 
1622 Caton Ave., Flatbush, Brooklyn, 
GOLIGHTLY.......... Prof. Civ. Eng., School Mines and 
Metallurgy, Univ. Missouri, Rolla, 
Mo. 
Howarp VERNON....... .Cons. Engr., Sulphur, Ind. 
Care, Charles River Basin Comm., 367 
Boylston St., Boston, Mass. 
JAMES HENRY........... Chf. Engr., Vancouver, Victoria East. 
Ry. Nav. Co., St. Thomas, Ont., 
Canada. 
220 West 57th St., New York City. 
Dak. 
117 South 38th St., Philadelphia, Pa. 
Wall St., New York City. 
State St., Grand Rapids, Mich. 
Chf. Engr., Charles River Basin Comm., 


367 Boylston St., Boston (Res., 
Duncklee St., Newton 
Mass. 

CHARLES Care, Orient Coal Coke Co., Union- 
town, Pa. 


— 
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Mosscrop, ALFRED Constr. Dept., Dorman, Long 
Co., Ld., Middlesbrough, England. 
Res. Engr., Ry. Co., Houston, Tex. 
CHARLES LEWIS........... Capt., Corps Engrs., A., 519 


Providence Bldg., Duluth, Minn. 
Prince, GEORGE Denver Union Water Co., Denver, 


Colo. 
Emerson..........Asst. Engr., Ry., Hoquiam, Wash. 
Engr., Mo. Pac. Ry. Co., Room 502, 


Mo. Pac. Bldg. (Res., 5182 Raymond 
Ave.), St. Louis, Mo. 


LEONARD W....... City Court House, St. Paul, Minn. 

CLEMENT............Div. Engr., Phila. Div., Ry., 
Reading Terminal, Philadelphia, Pa. 

JULIO Cons. Engr., 228 Pl., Brooklyn, 

Broadway, Room 1504, New York 
City. 

Crossley Bldg., San Francisco, Cal. 

ALFRED THOMAS........ 404 Glass Blk., Marion, Ind. 


Forrest Supt., National Transit Co., 


Broadway, New York City (Res., 794 
Carroll St., Brooklyn, Y.). 


... ..Engr., Constr. Dept., The Pullman Co., 
Florence Boulevard, Pullman, 

Watson, ...Columbia, Maury Co., Tenn. 

Davip Prin. Asst. Engr., Am. Pipe Mfg. Co., 112 


North Broad St., Philadelphia, Pa. 


ASSOCIATE MEMBERS. 


Hoyt............. Care, Aberthaw Constr. Co., Beacon St., 
Boston, Mass. 

Barr, CARROLL..... Economy, Pa. 


Instr. Civ. and Military Eng., 
Military Academy, West Point, 

CUNNINGHAM, Prin. Asst. Engr., Puget Sound Power 
Co., Tacoma, Wash. 

GEORGE... ... 212 Seventh St., Portland, Ore. 

813 Union St., Schenectady, 

Co., 1039 Calvert Bldg., Bal- 

timore, Md. 


Evans, JoHN Insp. Erection, New East River Bridge, 
162 Wilson St., Brooklyn, 
GUERINGER, AMEDEE......... Div. Engr., Trinity Ry. Co., 


Hillsboro, Tex. 
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LAWRENCE Stamford, Conn. 

FRED Care, Westinghouse, Church, Kerr Co., 
Bridge St., New York City. 

Van 405 Opera House Blk., Denver, Colo. 

ALEXIS JOSEPH......... 213 West 136th St., New York City. 

GERARD Care, Geological Survey, Lawton, 
Okla. 


Engr., Cherokee Constr. Co., Panama 
(Choctaw Nation), Ind. 


PFEIFER, HERMAN Laclede Bldg., St. Louis, Mo. 

Colo. 

Contr. Engr., Steam Engines and Mine 
Equipments, 308 House Bldg., Pitts- 
burg, Pa. 

ScHNEIDER, Univ. Cincinnati, Cincinnati, Ohio. 

SHELLENBERGER, Rupy....... Care, Supt. Depot Co., Cincinnati, 
Ohio. 


CHARLES WILLIAM..........Care, O’Rourke Eng. Constr. Co., 
Nassau St., New York City. 


.715 Riverside Ave., Evansville, Ind. 
Tart, JoHN Burlington Ave., Los Angeles, Cal. 

CHARLES JOSEPH........ Cascadilla Pl., Ithaca, 
West 107th St., New York City. 


Milling Co., 475 Third St., Salt Lake 


City, Utah. 


Court Sq., Brooklyn, (Res., 
West 119th St., New York City). 
West 80th St., New York City. 


JUNIORS. 
WALLACE ..Harvard Univ., Cambridge, Mass. 
THEODORE. Insp., Steel Constr., East Side Viaduct, 


Sec. 10, Fourth Div., Rapid Transit 
Comm., Home St. and Southern 
Boulevard (Res., 584 Lenox Ave.), New 


York City. 
SAMUEL City Engr., Muskogee, Ind. 
West 136th St., New York City. 
Henry BRETTON........ Engr., Talbott Co., Mishawaka, 
Ind. 


Union St., Allentown, Pa. 
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Epwin City Sq., Room Charlestown, Mass, 


Ives, Prof. Civ. Eng., Univ. Penn- 
sylvania, Philadelphia, Pa. 


R., 110 East 50th St., New York 
City. 

Henry BENNETT........... Asst. Engr., Rapid Transit 


(Res., 315 West 95th St.), New 
York City. 


EGBERT JESSUP.......... 161, Royersford, Pa. 
CHARLES CHURCH......... ...Fort Worden, Port Townsend, Wash. 
GEORGE TILLEY......... The O’Rourke Eng. Constr. Co., 


Nassau St., New York City. 
.......Structural Draftsman, Solvay Process 
Co., 705 Willis Ave., Syracuse, 
Van Engr. Office, Tidewater, Ala. 
Asst. Prof. Civ. Eng., Univ. Utah, 
326 St., Salt Lake City, Utah. 


DEATHS. 


Associate Member, September 
6th, 1899; died August 23d, 1903. 

JOHN Member, May 2d, 1900; died 
May 1903. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(September 9th October 13th, 1903.) 

This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possibie. 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St. Pa., 
(2) Proceedings, Engrs. Club Phila. 
1122 Girard St., Philadelphia, Pa. 
(3) Journal, Franklin Inst., Philadel- 
phia, Pa., 
(4) Journal, Western Soc. rs., Mo- 
nadnock Block, 
(5) Transactions, Can. Soc. Mon- 
treal, Que., Canada. 
(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 
(7) Technology Quarterly, Mass. Inst. 
ech., Boston, Mass., 75c. 
(8) Stevens Indicator, Stevens 
Inst., Hoboken, J., 
(9) Engineering York 
(10) Magazine, New York City, 


York City, 25c. 

(12) The Engineer (London), International 
News Co., New York City, 35c. 

Engineering News, New York City, 


(14) Record, New York 


(15) Gazette, New York 


(16) Engineering and Journal, 
New York City, 

(17) Street Railway Journal, New York 
City. 

(18) Railway and Review, 
Chicago, 

(19) Scientific American Supplement, New 
York City, 

(ao) Iron Age, New York City, 

Railway Engineer, London, Eng- 
land, 25c. 

(a2) Iron and Coal Trades Review, Lon- 
don, England, 25c. 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

(24) American Gas Light Journal, New 
York City, 10c. 

Engineer, New York City, 


Electrical Review, London, England. 

(27) Electrical World and Engineer, New 
York City, 

(28) Journal, New England Water-Works 

Assoc., Boston, $1. 


(29) Journal, Society Arts, London, 


Engiand, 15c. 

(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Ecole Gand, Brus- 
seis, Belgium. 


(32) Mémoires Compte Rendu des Tra- 
vaux, Soc. Ing. Civ. France, 
Paris, 

(33) Génie France. 

(34) Portefeuille Economique des Ma- 
chines, Paris, France. 

(35) Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mécanique, Paris, 

(38) Revue Générale des Fer 
des Tramways, Paris, France. 

Master Mechanic, Chicago 

(40) Railway Age, Chicago, 

(41) Modern hicago, 

(42) Transactions, Elec. Eners. 
New York City, 50c. 

(43) Annales des Ponts Chaussées, 
Paris, France. 

(44) Journal, Military Service Institu- 
tion, Governor’s Island, New York 
Harbor, 50c. 

Minesand Minerals, Scranton, Pa., 


(46) American, New York City, 


(47) Mechanical Engineer, Manchester, 


and. 
(54) Transactions, Am. Soc. E., New 
York City, $5. 
York City, $10. 


(56) Am. Inst. Min. Engrs., 
New York City, $5. 

(57) Colliery Guardian, London, England. 

(58) Proceedings, Soc. 410 
Penn Ave., Pittsburg, Pa., 

(59) Transactions, Mining Inst. Scot- 
London and Newcastle-upon- 


olis, 

(61) Western Railway Club, 
225 Dearborn St., Chicago, 25c. 

(62) American Manufacturer and 
World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. E., 
London, England. 

Power, New York City, 20c. 

(65) Official Proceedings, New York Rail- 
road Club, Brooklyn, Y., 15c. 

(66) Journal Gas Lighting, London, 
England, 15c. 

(67) Cement and Engineering News, Chi- 
cago, 

(68) Mining Journal, London, England. 

(69) Mill Owners, New York City, 10c. 

(70) Review, New York City, 
1 


(71) Journal, Iron and Steel Inst., London 
England. 
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LIST ARTICLES. 
Bridge. 


The Mississippi River Bridges: Historical and Descriptive Sketch the Bridges oyer the 
Mississippi River. Maltby. (4) Aug. 

Great Ferry (12) Aug. 28. 

Model Bridge and Construction Pennsylvania Steel Company’s New Plant.* 
(20) Serial beginning Sept. 10; (14) beginning Sept. 

The Viaur Viaduct the Railway Line from Carmaux Rodez, France.* René 
Bonnin. (13) Sept. 10. 

Ferry Railway Bridge.* (12) Sept. 11. 

Engineering Aspects the Kansas Floods.* Waddell Hedrick. (14) (13) 
Sept. 17; Sept. 18. 

Erection the Girna Bridge, India.* (12) Serial beginning Sept. 25. 

The Marietta Long-Span Highway Bridge.* (14) Serial beginning Sept. 26. 

The Substructure the Mingo Bridge over the Ohio River.* (14) Oct. 

The Method Manufacturing the Large Eye-Bars for the Thebes Bridge. 
Hildreth. (13) Oct. 

The Railroad Bridge over the Raritan River, New Brunswick, J.* 
(14) Oct. 10. 

The Ashland Avenue Bascule Bridge, Chicago.* (14) Oct. 10. 

Note sur les Piéces Chargées Bout Présentant Plus Deux Points Fixés. 
Keelhoff. (31) Pt. 1903. 

Pont Béton, sur Neckar, prés Neckarhausen (Hohenzollern).* (35) Sept. 

Passerelle Béton Armé sur Canal Midia Toulouse.* (33) 

ept. 19. 


Electrical. 
Power Transmission.* Gerry, Jr., Assoc. Am. Soc. (54) 


ol. 50. 
The Calculator Board and Graphic Methods (electrical localization faults submarine 
cables).* (26) 28. 
Oil Engine Station.* Howard Knowlton. (26) Aug. 28. 
Design for H.-P. Self-Starting Single-Phase Induction Motor.* (Reprinted from the 
American Electrician.) (47) 29. 
The Induction Motor and Its Engineering Capabilities.* George Hoxie. (3) Serial 
beginning Sept. 
The Otis Elevator Company’s Electric Elevator for Private Residences.* (Report 
the Committee Science and the Arts the Franklin Inst.) (3) Sept. 
Electric Lighting and Traction Southend-on-Sea.* (26) Sept. 
New Method Tuning Wireless Telegraph Stations Means the Multi- 
Count Arco. (26) Serial beginning Sept. 
The West Penn Railways and Lighting System.* (17) Sept. 
Power Station, Kansas City, Kan.* H.S. Badger and Schreiber. 
ept. 
Electrical ransmission from Boston. (27) Sept. 
Rise Efficiency Electric Stations. Alton Adams. (27) Sept. 
Isolated Plant vs. Central Stations Supply Electricity: Suggestion for Obtaining 
Estimates Costs Competitive Basis. Hale. (27) Sept. 
Lesson Telephone Receivers.* Arthur Abbott. (27) Serial beginning 
ept. 
Overhead Traction for Road Vehicles: The Stoll System.* (26) Sept. 11. 
the Cambridge Electric Light Company, Cambridge, Mass.* (27) 
ept. 12. 
Tests the Edison Storage Battery.* (27) Sept. 12. 
Arrangement and Control Long-Distance Transmission Lines. Cowan and 
(Paper read before the Inst. Elec. Engrs.) (47) Serial beginning 
ept. 12. 
Breakdowns Electrical Michael Longridge, Inst. (47) Sept. 12. 
Portable Electric Light Plants.* Frank Perkins. (24) Sept. 14. 
The Use Aluminum Electrical Conductor. John Kershaw. (Paper read 
before the British Assoc. for the Advancement Science.) (26) Sept. 18; (47) 


Oct. 

The Works the Manchester Corporation (Additional Notes).* (26) 
Sept. 18. 

Evershed Testing Set.* (27) Sept. 19. 

York Haven, Pa., Transmission Plant.* Sept. 19. 

The Electric Drive Applied Machine Tools, with Special Reference Railroad 
Shops. C.H. Hines. (27) Sept. 19. 

Fessenden’s Work Wireless Frederick Collins. (27) Sept. 19. 

Electric Plant Failures: Their Origin and Prevention. Cormack. (from Paper 
read before the Inst. Min. Engrs.) (24) Serial beginning Sept. 21. 

Three Phase Switch Gear.* (11) Serial beginning Sept. 25. 

The Secondary Cell.* (26) Sept. 25. 

Single-Phase Repulsion Motors.* William Cramp, (Paper read before 


Asssoc. for the Advancement Science.) (26) Serial beginning 
ept. 25. 


Tilustrated. 
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Electrical—(Continued).. 


and Rotary Converters.* Hobart. (26) Serial beginning 
ept 


Example Central Station Supply Electric Power and Light.* (14) 


Current Switchboards.* Stephen Hayes. (27) Serial 
Overhead Pole Line Construction and Operation for Central Stations. Manwar- 


ing and Hutchings. (Paper read before the Assoc. Edison 
Companies.) (27) Sept. 


26. 
Electric Trolley Vehicles without Rails.* Emi) Guarini. (9) 


Driven Machine Tools; Practice the Electric Driving 
Drilling Machinery.* (25 


Westinghouse Variable Motor.* (64) Oct. 

The Parallel Working Alternators. Hopkinson. (Paper read before the British 
Assoc. for the Advancement Science.) (11) Oct. 

Protective Devices for High Tension Electrical Systems.* W.B. Woodhouse, 


read before the British Assoc. for the Advancement Science. 
(26) Oc 


Armature Testing with Milli-Voltmeter.* Gough. (17) Oct. 

Electrical Supply Fitchburg.* (27) Oct. 

Proof the Law for Grouping Calls Obtain Maximum Current. Dana Pierce. 
(27) 

Source for Securing Wide Speed Range Direct-Current Motors. Albert 
Hemingway. (27) Oct. 

Tests Sets for the Stockholm Central Station.* (27) 
Oct. 

Construct Electrostatic Transformer.* James Edmund Ives. 
(2 ict. 1 

Power Measurements.* Hardie Jeannin. (27) Oct. 10. 

Réaction des Alternateurs. (36) Serial beginning Sept. 25. 


Marine. 


The New Graving Dock the Kawasaki Dock Yard Co. Kobe, Japan.* Genjiro 
Yamasaki. (13) Sept. 29. 


Electrically Operated Floating Dry Dock.* Donnelly. (27) Oct. 
Mechanical. 


The Steel-Plant Monterrey, Mexico.* William White, Vol. 32. 
Experiments and Observations Soaring Wilbur Wright. (4) Aug. 
Centrifugal Fans. (70) Serial beginning Aug 


Serial beginning Aug. 28. 


Four-Cylinder Gas Engine. (12) Aug. 28. 

The Brotherhood Engine Works.* (26) Aug. 28. 

Oil Engine Central Station.* Howard (26) Aug. 28. 

Plea for Better Boiler Water. John Wynne. 39) Sept. 

Modern High Speed Tool H.M. Lane. (69) 

New System Motor Traction.* Brightmore, (Paper read before 
the Liverpooi Eng. Soc.) (47) Sept. 

Petroleum California. Edmond (24) Sept. 

Model Bridge and Construction Sho Pennsylvania Steel New Plant.* 
(20) Serial beginning Sept. 10; erial beginning 

Emery Wheel Practice Foundries. Charles Smith. read before the Pitts- 
burgh Assoc.) (20) Sept. 10. 


Robert Stephenson and Company.* (12) Serial beginning 


Paper Julius Hiibner. (29) Serial beginning Sept. 11. 
Tests the Efficiency Hoisting Tackle. (14) Sept. 12. 
The Conveying Coal and Coke.* Emile Guarini. Serial beginning 


The Machine and Its Slow Development. (From the Public Ledger.) (19) Sept. 


Steam Turbine Developments. W.L.R. Emmet. (Paper read before the Amer. 
St. Ry. Assoc.) (27) Sept. 12; (17) Sept. 12; (26) Serial beginning Sept. 25. 

The Mechanical Minerais. (Abstract Paper read Amer. 
Min. Cong.) (13) Sept. 17. 

Gas Engine Principles and Management.* Roberts. Sept. 17. 

The Manufacture Ethyl Alcohol from Wood.* (20) Sept. 

The Lefevre Four-Cylinder High Speed Engine.* (62) 


Further Note Gas-Engine Explosions. Wimperis, Assoc. Inst. 
(Paper read before the British Sept. 18. 
eld 


for Rings. Wingfi (Paper read before the British Assoc. 
11) Sept. 


Plant the Rock Shore Terminal Station, Chicago.* (14) Sept. 
Hot-Water Heating Coal Country. Alton Adams. (14) 


Tilustrated. 
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Mechanical—(Continued). 


The Electric Drive Applied Machine Tools, with Special Reference Railroad 
Shops. C.H. Hines. (27) Sept. 19. 

Oil and Tar Burning the Pacific Coast.* (24) Sept. 21. 

Steel Building Construction Gas-Works.* Saml. Cutler, Jr. 
Eastern Counties Gas Mgrs. Assoc.) (66) Sept. 22. 

The Resistance Road Vehicles Traction.* (Report Committee the British 
Assoc. for the Advancement Science.) (11) Sept. 25. 

Developments Automobile Construction. Clarkson. read before the 
British Assoc. for the Advancement Science.) (12) Serial beginning Sept. 25. 

Emergency Fuels. (22) 

Engine Breakdowns. Michael Longridge, Sept. 26. 

Gas Engine Explosions. Wimperis, Assoc. Inst. (Paper read before the 
British Assoc. for the Advancement Science.) (47) Sept. 26. 

The Home the Inclined Retort England.* (66) Sept. 29. 

The Dellwik Water-Gas Process. (66) Sept. 29; (24) Oct. 12. 

Recent Developments the Steam Turbine.* Rateau. (9) Oct. 

The the Foundry.* Joseph Horner. (10) Oct. 

Steam Waggonsfor Commercial Use.* Markham, Inst. (10) 

Increasing the Coke Yield from Bee-Hive Ovens: Wastes American Practice.* 
Charles Catlett. (10) Oct. 


Motor-Driven Machine Tools; Recent Practice the Application Driving 
Drilling Machinery.* (25) Oct. 
Portland Cement Manufacture: Preparation Slag-Limestone Mixtures. Edwin 
Eckel. (60) Oct. 

The Manufacture and Strength Sand Brick. Peppel. 
Trans., Amer. Ceramic Soc.) (60) Oct. 

Difficulties Making Clear Ice. William Kavanagh. (64) Oct. 

Commercial Wrought Iron and Steel Franklin Riffle, (Paper 
read before the Pacific Coast Gas Assoc.) (13) Abstract (20) Sept. 10. 

Kilroy’s Stoking-Indicators.* (11) Oct. 

20-Ton Steam Jib Crane.* (12) Oct. 

The California Asphaltum Industry.* (16) Oct 

European Floating and Dock Cranes.* Frank Perkins. (46) Oct. 

Horizontal Boring Machines.* Thomas Shaw. (47) Serial beginning Oct. 

The Belle Iron Works.* (20) Oct. 

Ten-Thousand-Horse-Power Chimney.* (14) Oct. 10. 

The Flight Birds Mechanically Studied.* Emile Guarini. (46) Oct. 10. 

Curtis Steam Turbine.* Austin Dodge. (Abstract Paper read before the New 
England Cotton Mfrs’. Assoc.) (17) Oct. 10; (27) Oct. 10. 

Sur Choix Obliquité Ligne Engrénement pour les Engrenages Dévelop- 
pante: Considerations Theoriques Pratiques.* (37) Aug. 

Essais Machines Vapeur avec sans Surchauffe. Pierre-Guédon. (34) Sept. 


Alcool: Lampe Intensive Alcool Dénaturé.* Edmond Brunet. (36) 
ept. 10. 


(Paper read before the 


(Abstract article 


Metallurgical. 


The Pachuca Stamp-Battery and Its Predecessors. Boss. (56) Vol. 32. 
The Iron Mountain, and the Plant the Mexican National Iron and Steel Company, 
Durango, Mexico.* Witherbee. (56) Vol. 32. 
The Treatment Clay-Slimes the Cyanide Process and Agitation.* Tays 
Adobe Reverberatory Furnace.* (56) Vol. 32. 
Process for Amalgamation Silver-Ores. Manuel Valerio Ortega. (56) 
8) . 
The Steel-Plant Monterrey, Mexico.* William White, Jr. (56) Vol. 32. 
Feeding Silver-Lead Blast-Furnaces.* Arthur Dwight. (56) 
Study Methods, Especially the Patio Process, with the Object 
Avoiding the Loss Mercury. Miguel Bustamente, Jr. (56) Vol. 32. 
Goldschmidt Method Metallurgy and High Temperature Production Means 
Thermite. Palmer Caldwell. (1) Aug. 
Electrically Operated Machinery Rolling Mills and Blast Furnaces.* (41) Sept. 
The Small Converter Process for the Manufacture Steel Castings. Arthur Simonson. 
(Paper read before the Phila. Foundrymen’s Assoc.) (20) Sept. 10. 
Manufacture Sound Castings Means Thermit. (20) Sept. 10. 
Method Concentrating Anaconda.* Schwerin. (16) Sept. 12. 
Two Notable Concentrating Plants.* (16) Sept. 12. 
Blast Furnace Conditions and Foundry Iron. Walley Davis. (Abstract paper‘ 
read before the Amer. Foundrymen’s Assoc.) (47) Sept. 12. 
Crystallization fron and Steel. (62) Serial beginning Sept. 17. 
Method concentrating Cananea.* Martin Schwerin. (16) Sept. 26. 
Treatment Concentrates the Denny. (16) Sept. 26. 
Pyrites Containing Combined Gold. (19) Sept. 26. 
Alloys Used for Steel Making. (45) Serial beginning Oct. 
The Refining Lead Bullion. Piddington. (Abstract from the Journal the 
Chemical, Metal. and Min. Soc. South Africa.) (16) Oct. 
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Car for Handling Rock Mines.* 
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Metallurgical—(Continued). 


Improved Method Crushing for Gold Milling. Edward Chester. (Abstract 
from the Journal the Chemical, Metal. and Min. Soc. South Africa.) (16) 
Oct. 


The Making 18-Inch Steel Eye-Bars. Wm. Webster, Am. Soc. (13) 


Oct. 

The Method Manufacturing the Large Eye-Bars for the Thebes Bridge. Hil- 
dreth. (13) 

The Belle Iron Works.* (20) Oct. 

Milling the Alaska Treadwell. Robt. Kinzie. (16) 

Considérations Générales sur Préparation Mécanique des Minerais. Paul Macha- 
voine. (32) Aug. 

Serial beginning Sept. 25. 


Military. 

Late Developments Ordnance and Armor.* John Meigs. (10) Oct. 

Mining. 

The Coahuila, Mexico, and Its Ore-Deposits.* James Malcolmson. 
(56) Vol. 32. 

The Las Esperanzaz, Coahuila, Mexico.* Edwin Ludlow. Vol. 32. 

New Safety Explosive. Richard Dana, Assoc. Am. Soc. 54) Vol. 50. 

The Latest Progress Shaft Sinking.* Riemer. (Translated from the Report the 
Eighth General German Min. (6) 

Report Royal Commission Coal Supplies (Abstract).* (57) Serial beginning 
28. 

Report the Prussian Commission Falls Roof and Coal.* 
) ug. 

Machines with Three-Phase Motors.* (26) Sept. 11. 

The Use tanley Coal-Heading Machines the Rapid Development and Working 
the Nuneaton Colliery, Warwickshire. (Abstract Paper read be- 
fore the Inst. Min. Engrs.) Sept. 11. 

Electric Coal-Cutting. Walker. (Abstract paper read before the Inst. Min. 
Engrs.) (57) Serial beginning Sept. 18. 

Ore-Breaking and Sorting the Rand. H.S. Denny. (16) Sept. 19. 

Aerial Tramways. Stephen Zomboria. (Address before the Amer. Min. Cong.) 
(20) Sept. 24; Abstract (16) (14) Oct. 10, 

Plant the Staveley Coal and Iron Company’s Collieries.* (22) 

ept. 25. 

Gob-Fires, their Theory and Practice. George Farmer. (Paper the 
Yorkshire Branch the National Assoc. Colliery Mgrs.) (22) Sept. 25. 

Pro; the Dover Colliery Shaft-Sinking the Kind-Chaudron System.* (57) 

ept. 25. 

Relative Advantage Alternating Current Versus 550-Volt Direct Current, 
for Mine and Smelter Work. Hugh Brown. (16) 26. 

The Coal Mining Industry the United Kingdom.* Redmayne. (9) Serial 
beginning Oct. 

Diamond Mining the Kimberley Field.* Chas. Allen. Oct. 

The Spraying Watering Problems Dusty Mines.* James Ashworth. (45) Oct. 

Sinking and Equipping No. Shaft, Ashland Mine, the Cleveland-Cliffs Iron 
Company, tronwood, Michigan.* Ellard. (Paper read before the Lake 
Superior Min. Inst.) (45) Oct; (13) Oct. 

Logan. (45) Oct. 

High Explosives.* Karkeet. (Paper read before the Lake Superior Min. Inst.) 
(45) Abstract (16) Sept. 19. 

Sinking. (Abstract paper read before the Inst. Min. Engrs.) 

57) Oct. 2. 

Portable Tank for Watering Roadways Mines.* Galloway. (Paper read before 
the South Wales Inst. Engrs.) (22) Oct. 

New Rock-Handling Machinery.* Alexander Forsyth. (16) Oct. 


Miscellaneous. 


Some the Engineering Features the Louisiana Purchase Exposition, St. Louis, 
1904.* (14) Serial beginning Oct. 

Mining and Manufacture Rock Salt.* Englehardt. (19) Oct. 

Reboisement des Montagnes.* (33) Sept. 26. 

Municipal. 


The Siemens and Halske Fire Alarms.* (19) Sept. 19. 


Costs Gas and Electric Lighting Municipal Plants. Alton Adams. 


(60) 
The Six-Inch Macadam Streets Hudson, Y.* H.K. Bishop. (13) Oct. 
Railroad. 


Railroad-System. Victor Braschi and Ezequiel Ordofiez. (56) 
Ol, dK, = 
Mexican Railroads and the Mining Industry.* Luis Salazar. (56) Vol. 32. 

Tilustrated. 
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Railroad— (Continued). 


Virtual Grades for Freight Trains.* Am. Soc. Vol. 50. 
Switching Locomotive, Chicago, Milwaukee St. Paul Railway.* (39) Aug. 

New Round House the Rio Grande Eagle Pass Railway.* (39) Aug. 
Private Owners’ Wagons and drawings issued the Railway Clearing 


House Committee).* (57) Serial beginning Aug. (21) Oct. 
Ballast for Railways. (12) Aug. 28. 


New Tunnel Genoa.* (12) 28. 

Handholds Locomotives.* (61) Sept. 

Water Railroad Operation. Henderson. (61) Sept. 

Automatic Electric Railway Signaling; Its purposes; also Past and Present Installations. 
Rosenberg and Balliet. (3) Sept. 

Points and Crossing Junction Diagram; with Explanatory Notes and Formule 
adapted the British Standard Gauge.* Atkinson. (21) Sept. 

Plea for Better Boiler Water. Wynne. (39) Serial beginning Sept. 

Saddle Tank Switching Locomotive, New York Glucose Company.* (39) Sept. 

The Operation the Burlington Tie Treating Plant.* F.J. Angier. (40) Sept. 

Passenger Car, Illinois Central Ry.* Sept. (40) Sept. 

19) Oct. Sept. 25. 

The West Penn Railways and Lighting System.* (17) Sept. 

Improvements Interurban Cars and Motors the Milwaukee Electric Railway 
Light Company.* (17) Sept. 

Locomotive Proportion Graphical Methods. F.K. Caswell. (18) Sept. 

The Toledo Railway Terminal Company.* (40) Sept. 11. 

Wheeling Lake Erie Compound Consolidation.* (40) Sept. 11. 

The Care Locomotive Boilers. Wells. (Paper read before the Pacific Coast 
Ry. Club.) (40) Sept. 11. 

The Rock Island Terminal Station, Chicago, (14) Sept. 12. 

Four-Cylinder Balance Compound Applied Ten-Wheeler.* (18) Sept. 12. 

esty. (13) Sept. 17. 

Care and Handling the Compound Locomotive. A.L. Beardsley. (Abstract paper 
read before the Travelling Kngrs. Convention.) Sept. 18. 

Cutting’s Disk Signal.* Sept. 18. 

Baltimore Ohio’s Reconstruction.* (40) Sept. 18. 

Santa Four-Cylinder Balanced (40) Sept. 18. 

The Union Electro-Gas Signal.* (40) Sept. 18. 

Power Plant the Rock Shore Terminal Station, Chicago.* (14) Sept. 19. 

Shops the Aurora, Elgin Chicago Railway.* (17) 19, 

The Electric Drive Applied Machine Tools, with Special Reference Railroad 
Shops. Hines. (27) Sept. 19. 


the Pennsylvania between Harrisburg and Gallitzin.* 

13) Sept. 24. 

Ten-Wheel Express Locomotive, Glasgow and South-Western Railway.* (11) Sept. 25. 

The Miller Cab Signal the New York Central. (15) Sept. 25. 

Norfolk Western Yard Improvements.* Geo. Fowler. (15) Sept. 25. 

Locomotive for the Philadelphia Reading.* (15) Sept. 25; (40) 

25. 
Freight Locomotive, Ry.* (18) Sept. 26. 
Special Features the Design Locomotive Boilers and Fireboxes.* Chas. Lake. 
(9) Serial beginning Oct. 

Lighting Railway Carriages Incandescent (21) Oct. 

New Passenger Locomotives, Pacific 4—6—2 Type, Chicago, Rock Island and Pacific 
Railway.* (25) Oct. 

Steel Car Development, Pennsylvania Railroad.* (25) Serial beginning Oct. 

Two Systems Using Acetylene Gas for Car Lighting. (13) 

Locomotive Boiler with Water-Tube Firebox.* (13) Oct. 

New Type Compound Locomotive Italy.* (12) Serial begin- 
ning Oct. 

Some Notes Train Resistance. Dendy Marshall. (12) Oct. 

Norfolk Western Road Improvements.* Geo. Fowler. (15) Oct. 

100-Ton Wrecking Crane.* (15) Oct. 

The Schmidt Superheater for Locomotives.* (40) Oct. 

The Valtellina Railway.* (26) Serial beginning Oct. 

Block Signal System.* (17) Oct. 

Auburn Syracuse Electric Railway.* (17) Oct. 

Colorado Springs and Interurban Railway System.* (17) Oct. 

Notes the Operating Practice the Indiana Union Traction Company. (17) Oct. 

The Ware Pneumatic Rail Unloader.* (18) Oct. (13) Oct. 

Painting and Maintaining Steel Cars. (Abstracts papers Wright and 
Quest read before the Master Car and Locomotive Painters’ Assoc.) (13) Oct. 

The New York Terminal the Pennsylvania Railroad.* Serial beginning Oct. 

Rational Method Design Locomotive Frames.* Edmonds. (Abstract 
Paper presented at. meeting the Pacific Coast Railway Club.) Oct. 

Tandem-Compound Santa Type (2-10-2) Locomotive for the Santa 

New Consolidation Locomotive for the Long Island Railroad.* (40) Oct. 
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Railroad—(Continued). 


Study Engine Frames. (18) Oct. 10. 
The Improved Harris Track-Laying Machine.* (18) Oct. 10. 
The Coughlin Swing-Rail Frog and Automatic Detector Switch Lock.* (18) Oct. 10. 


Tunnels for the New York City Terminus the Pennsylvania and Long Island Rail- 
roads.* (14) Oct. 10. 


Traction Electrique les Trains Unités Multiples.* (32) Aug. 

Simplon Faucille: Economique d’une Nouvelle Ligne Internationale.* 

ffitte. (33) Serial beginning Aug. 29. 

Des Relations d’Enclenchements Distance entre les Postes Cabines par Desen- 
gageurs Safety Locks.* Sept. 

Note sur Machine Compound Articulé Cylindres Roues Accouplées 
Compagnie Chemins Fer Départementaux.* M.Comble. (38) Sept. 

Les Locomotives Voie Etroite.* Henry Martin. (33) Serial beginning Sept. 12. 


Railroad, Street. 


Production and Distribution Alternating Current for Large City Systems.* Richard 


(Paper read before the St. Ry. Assoc.) (17) Sept. 12; Abstract 
15) Oct. 


Power Plant the Ottawa Electric Railway.* John Murphy. Sept. 12. 

Electric Welded Joints for Street Railway Tracks.* William Pestell. (Paper read 
before Amer. St. Ry. Assoc.) (17) Sept. 12; Abstract (13) Sept. 17. 

Section Seven, Division Three, the New York Rapid Transit Railroad.* (14) 

The Worcester Holden Street Railway.* (17) Sept. 19. 

Gasolene Cars for Interurban Service.* (17) Sept. 19. 

Turret System Electro-Pneumatic Control.* (17) Sept. 26; (27) Sept. 


Fireproof Cars. (17) Oct. 

New Power Station Brussels.* (17) Oct. 

Denver Tramway System.* (17) Oct. 10. 

Les Transports Commun Paris Département Seine. Feugéres. (35) 
Serial beginning Sept. 

Sanitary. 


The Sanitary Disposal Municipal Refuse: Informal Discussion.* (54) Vol. 50. 
Gas for House Heating.* Walton Forstall. (10) Oct. 


Heating and Ventilating the Carnegie Residence, New York.* (14) Oct. 
Structural. 


Note the Coefficient Elasticity Concrete and Mortar Beams during Flexure.* 
Myron Falk, Jun. Am. Soc. (54) Vol. 50. 

New Safety Explosive. Richard Dana, Assoc. Am. Soc. (54) Vol. 50. 

The Preservation Materials Construction: Informal Discussion.* (54) Vol. 50. 

54) Vol, 

American Railway Engineering and Maintenance Way Association: Specifications for 
and Natural Cements and Portland Cement and Concrete. (67) Sept. 

The Inspection Materials. (12) Serial beginning Sept. 

The Value White Paints Engineering Structures. (12) Sept. 

Early Iron Building Construction.* (13) Sept. 10. 

Model Bridge and Construction Shop; Pennsylvania Steel Company’s New Plant.* 
(20) Serial beginning Sept. 10; (14) Serial beginning Sept. 26. 

Lacquers and Paints for Metals. (12) Serial beginning Sept. 11. 

Concrete Blocks for Building.* (13) Sept. 17. 

Structural Steel Work the Macy Building, New York City.* (14) Sept. 19. 

Steel Building Construction Gas-Works.* Saml. Cutler, Jr. 
Eastern Counties Gas Mgrs. Assoc.) (66) Sept. 22. 

Pendulum Apparatus for Testing Steel asregards Izod. (Paper read 
before the British Assoc. for the Advancement Science.) (11) 25. 

Mixing and Placing Concrete.* Lea, Am. Soc. (45) Serial beginning 


Oct. 
The Story Land Title Building, Philadelphia, Pa.* (14) Serial beginning 


Some Methods and Costs Concrete Mixing the Buffalo, Y., Breakwater.* Emile 


The New Building Regulations New York City for Concrete-Steel Construction. (13) 
Oct. (14) Oct. 10. 


Laboratoire d’Essais Conservatoire des Arts Métiers: Section des Métaux.* 
Breuil. (33) Serial beginning Sept. 


Topographical. 


Work the Grand Canyon the Gunnison. (14) 
ct. 


Water Supply. 


Notes the Potable Waters Mexico. Richards. (56) Vol. 32. 
Small Rock-Fill Dam.* Parsons, Am. Soc. (54) Vol. 50. 


Tilustrated. 
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Water Supply—(Continued). 

The Filtration Works the East Jersey Little Falls, New Jersey.* 
George Fuller, Assoc. Am. Soc. 

Tangential Water-Wheel Efficiencies. (47) Sept. 12. 

Duty Trial Ten-Million Gallon Pumping (14) Sept. 19. 

the Water Waste Investigations New York City. (14) Sept. 19: 
(13) Sep 

Water-Powers the South; with Reference Northern Georgia 
the Neighborhood Gainesville and Dahlonega.* 

Commercial Wrought Iron and Steel Pipe. Franklin Riffle, Soc. (Paper 
read before the Pacific Coast Gas Assoc.) (13) Abstract (20) Sept. 10. 

Intake Tunnel for the Champion Mill, Painesdale, Mich.* O’Neil, Jun. Am. 
(Abstract Paper presented before the Lake Superior Min. Inst. 


Report Commission Additional Water Supply for New York City.* (13) 


The Correct Design and High Masonry Dams. Geo. Wisner, Am. Soc. 
(Paper prepared for the 11th National Irrigation Cong.) (13) Oct. 
the Nature and Quality Some Potable Waters South-West Lancashire. 


Campbell Brown. read before the British Assoc. for the Advancement 
Science.) (11) Oct. 


Water-Softening Plant, Pennsylvania Co.* Oct. 

Moving 48-In. Force Main under Pressure Philadelphia. Seth Van Loan, Jun. 
Am. Soc. (13) Oct. 

Some Points the Buckets for Water-Wheels.* (13) Oct. 

The Pecos Valley Aqueduct.* (40) Oct. 

Sand Washers the Roxborough (14) Oct. 10. 


Waterways. 


The Economic Improvement the Coosa Alabama Georgia and Ala- 
bama.* Andrews, Am. Soc. (54) Vol. 

The Development the Commerce the Great Lakes. Address the 
Annual Convention the Amer. Soc. Civ. Engrs.) Alfred Noble, Pres. Am. 
(54) Vol. 50. 

The Panama Canal.* George Morison, Am. Soc. C.E. (54) Vol. 50. 

The Protection and Improvement the Utilization Tidal and Wave 
Action.* Inst. E., Ireland. (54) Vol. 50. 

Alternative Line for the Nicaragua “and Proposed New Method Dam 
Construction.* Francis Baron, Am. (54) Vol. 50. 

Action Sea Worms Foundations Boston Harbor.* (1) Aug. 

The Borings for the Bohio Dam for the Panama Canal.* Smith. (4) Aug. 

Revolving Lanterns for Lighthouses.* (46) Sept. 26. 

Controlling the Floods the River.* Lewis Haupt. 

Some Methods and Costs Concre the Buffalo, 
Emile Low. Am. Soc. (13) 


Drague Marine Porteuse Refoulement pour les Ports Régence Tunis.* 
Dantin. (33) Aug. 29. 


Illustrated. 
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AMERICAN SOCIETY CIVIL ENGINEERS, 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


This Society not responsible, body, for the facts and opinions advanced 


DESIRABLE METHOD 


DREDGING CHANNELS THROUGH RIVER BARS. 


PRESENTED DECEMBER 1903. 


The improvement rivers dredging now being done 
large scale Russia, and even small improvement dredging pro- 


cesses would result appreciable saving money. 


Before entering into any details regarding the writer’s proposed’ 
method, believes necessary give short description the 
present conditions river navigation Russia and the Govern- 


ment’s dredging fleet. 


The last census the Russian river fleet, taken 1900, registered 
154 boats and miles navigable waterways European 


Russia. 


Compared with the other countries, the tonnage repre- 
sented the figures Table No. published recently Mr. 


Journal the Ministry Ways Communication, 1903, 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral wiil published 
subsequent number Proceedings, and, when finally closed, the papers, with discussion 


full, will published Transactions. 


No. 


GROWTH THE RIVER-TOWED CRAFT 
EUROPEAN RUSSIA FROM 1882 1900, 
(FINLAND NOT INCLUDED). 
900 ~~ 
= 5 & 
1882 1884 1890 1895 1900 
Years 
1500 
GROWTH THE RIVER STEAM FLEET EUROPEAN RUSSIA 
FROM 1815 (FINLAND NOT INCLUDED.) 1000 
500 500 
400 
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858 DREDGING RIVER CHANNELS. [Papers. 


TABLE No. 

Years. Fleet, and Country. Metric tons. 

River fleet, European 180 562 
River fleet, Germany........... 427 201 
Marine fleet, Germany. 787 798 
River fleet. France.... 966 230 


Classified the material construction, river boats are distrib- 
uted shown Table No. 


TABLE No. 
Wood. Total. 


The growth the number and the freight tonnage the towed 
fleet represented the figures Table No. 


TABLE No. 


Year. Number vessels. Cargo capacity, metric tons. 


This growth represented graphically 

The capital invested towed boats amounts $36 000 000, and 
the annual cost building new boats this kind nearly 000 000. 
The average cost towed barge 400, and there are 375 barges 
costing more than 000 each. 

single river basins, the barges are distributed shown 
Table No. 


a 
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1.—A PASSENGER STEAMBOAT. 


PLATE 
PAPERS, AM. SOC. 
OCTOBER, 1903. 
MAXIMOFF 
DREDGING RIVER CHANNELS. 
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DREDGING RIVER CHANNELS. 859 


TABLE No. 


Length 


Number capacity, 
No. waterways, Basins. metric tons. 
570 Neva, with lakes and 645 604 869 
610 Dnieper, with South Boog.......... 205 509 217 
900 North Dwina.......... 210 059 
860 Other rivers..... 506 104 418 


The cost the steam fleet nearly equal $64 000 000, and the 
annual cost building new steamboats amounts 500 000. 

The growth the steam represented graphically Fig. 

The steam vessels are distributed single river basins shown 
Table No. 


TABLE No. 


Number Tota Average 
No. Basins. horse-power. 


718 440 019 
189 899 213 
167 061 212 
North Dwina........ 174 448 134 


AVERAGE TON-MILEAGE ONE MILE 
NAVIGABLE WATERWAYS. 


Thousands Ton-Miles 


= 
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The total freight capacity these steamboats about 000 000 
tons. 


The largest steam vessel the Volga the towboat, Rededia, 
Prince Cassogski, developing about 000 P., and capable 
000 tons freight stream. 

typical passenger steamboat shown Fig. Plate LIII. 
typical tugboat shown Fig. Plate 


AGGREGATE TON-MILEAGE ALL 
NAVIGABLE WATERWAYS. 


Milliards Ton-Miles 


Tn and on nf 
Ns 
Boats 


SS 


The amount freight transported 1900 was tons per 
mile navigable waterways (shown Fig. 3), and the total number 
ton-miles amounted 600 000 000 (see Fig. 4). The rates 
transportation for grain, the chief freight transported the Volga, 
are shown Fig. 
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The total freight capacity these steamboats about 000 000 
tons. 

The largest steam vessel the Volga the towboat, Rededia, 
Prince Cassogski, developing about 000 P., and capable 
000 tons freight stream. 

typical passenger steamboat shown Fig. Plate 


typical tugboat shown Fig. Plate 


AGGREGATE TON-MILEAGE ALL 
NAVIGABLE WATERWAYS. 


Y 


Milliards Ton-Miles 


= 


The amount freight transported 1900 was tons per 
mile navigable waterways (shown Fig. 3), and the total number 
ton-miles amounted 600 000 000 (see Fig. 4). The rates 
transportation for grain, the chief freight transported the Volga, 
are shown Fig. 
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The great progress the water-transportation business some- 


what astonishing, when the natural conditions Russian waterways 
are considered. 


brief statement the physical data concerning the greatest 
European river, the Volga, will give fair idea the difficulties and 
obstructions navigation. 

The most important part this river for transportation that 


part between Rybinsk and Astrakhan, which can divided into three 
districts. 


District Nijni-Novgorod.—The total fall this dis- 


trict about ft., distributed over length 296 miles. 

High water rises average ft. above the lowest 
water stage, lasts nearly seventy days, and reaches the maximum 
the end April (old style). The lowest water stage arrives usually 
the end August. 

The minimum discharge low-water stage near Rybinsk not 
less than 000 cu. ft., being generally about 000 cu. the end 
that river district, e., not far above the mouth the Oka. 
During high water the discharge increases 223 000 cu. ft. 

The width the summer bed the river varies from 900 
600 ft. 

The depth the pools sometimes about ft. 

There are more than one hundred bars and other obstructions 
navigation, and the minimum depth observed thereon during the last 
twenty years varies from ins. But, the sametime, not more 
than twenty bars are dangerous for boats. 

Barges this district are from 350 ft. long, and more than 
40% the boats are longer than 280 ft. The draft loaded boats 
from 120 ins. 

District the Mouth the Kama.—The total 
length this district 297 miles, and the total fall about ft. 

The minimum discharge below the mouth the Oka nearly 
000 cu. ft., and above the mouth the Kama about 000 cu. ft. 
The maximum discharge amounts 350 000 cu. ft. 

The high-water stage lasts almost eighty-five days, and the 
rises average height ft. 
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The number bars and other obstructions amounts seventy, 
and their minimum depth varies from ins. 

The pools low water may deep ft. 

The width the summer bed the river from 000 750 ft. 

Barges, here, are from 420 ft. long, and 40% the boats are 
from 210 420 ft. long. The draft 60% the loaded boats from 
154 ins. 

The cargo capacity 30% the barges exceeds 900 metric tons, 
and there are several barges carrying much 000 tons. 

1060 miles. The fall from the mouth the Kama Tsaritsyn about 
165 ft. 

The width the summer bed varies from 750 600 ft., and 
sometimes reaches 000 ft. 

The minimum fiow 113 000 cu. ft., the maximum (observed 
1884) 426 000 cu. ft. 

High water lasts about ninety days. rises above the low-water 
stage high ft. the mouth the Kama, ft. near Astra- 
khan. 

The number bars and other obstructions navigation about 
two hundred, and their minimum depth during the last twenty years 
has varied from 126 ins. 

The barges, here, are from 350 ft. long, and their draft from 
More than one-third them draw more than ins., 
and have cargo capacity nearly 200 tons each. 

The foregoing data regarding the length and draft towed boats 
refer wooden barges—the chief freight boats the Volga. 
Plate LIV, photograph some typical wooden barges. 

The maximum freight capacity barge, above stated, equals 
4000 tons; but all these barges are surpassed the 
which are boats special construction, moved the current, and 

floated down stream. They are built only for one trip, carry lumber 
and freight, and are floated exclusively with spring high water. Fig. 
Plate LIV, photograph one these bielanas.” 

The average tonnage these giant boats 000 tons, and 
recently mammoth one, 000 tons, was built. 

Fig. represents the movement freight the Volga for the 
year 1900. will noted that considerable part the freight 

consists rafts. 
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should remembered that the length the period naviga- 
tion isonly The duration navigation and the boundaries 
the river basins are shown the map, Plate LV. 


THE GOVERNMENT’S DREDGING FLEET. 


The marvelous progress the water-transportation business 
called urgently for the improvement the rivers, and this has been 
effected permanent structures and dredging. 

Table No. gives, approximately, the appropriations for maintain- 
ing and improving the natural and artificial waterways 1886 
1903, not including the expenses for central and permanent local 
administration. 


TABLE No. 6.—APPROPRIATIONS FOR MAINTAINING AND IMPROVING 
AND ARTIFICIAL WATERWAYS 
1886 1903. 


| 
| 
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$714 581 $820 512 $467 944 354 
1887..... 531 546 820 512 513 476 235 992 148 351 249 877 
412 820 820 512 543 302 115 384 946 
035 593 846 153 579 221 231 128 767 298 
012 305 025 640 569 334 302 460 833 984 572 
278 330 025 640 871 794 841 252 605 
957 974 358 076 728 911 596 
921 798 102 128 204 718 205 283 
644 101 025 640 241 379 718 999 838 
341 024 276 922 261 537 87179 966 662 
136 409 461 537 538 460 282 746 102 564 521 716 
1901..... 576 92% 295 551 024 152 102 452 957 
517 435 538 460 692 306 564 100 102 564 414 865 
448 718 692 306 846 152 564 100 102 564 653 840 


the column headed New works are included the expenses for 
the improvement the Mary Canals (from the Volga the Baltic 
Sea), amounting 500 000; and for the construction the Obi- 
Yenisei Canal, amounting $400 000. 
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These figures show clearly what extent the dredging opera- 
tions Russian rivers have gradually grown during the past decade. 

The cost purchasing, maintaining and operating the Government 
steamboats and dredges, being 11% the total sum appropri- 
ated 1888, rose 36% 1901, and 1903. 

The total capacity the Government dredges operated 1901, 
stated contracts, was 10510 cu. per hour, their number was 
seventy, and the capital invested them, 529 

There were more than one hundred and fifty inspection steamboats 
the disposal the Government engineers, towing dredges, scows 
and snag boats, the number snag boats being seventy. 


The maintaining, operating and repairing expenses 1901 actually 
amounted $908 864. 


The total material dredged was 261 400 cu. yds., and the total 
length the cuts was 768 215 ft., 145.5 miles. 

The fuel consumption was 000 tons fire wood, tons 
coal and 400 tons naphtha residuals. 

The average cost per cubic yard material excavated and carried 


away was cents, while for single dredges varied from 


TOO 
cents. 


The most important dredging operations were the Volga, 
shown Table No. 


TABLE No. 


Total, 


the 
Vol ga. Total. 


Volga. 


Percent- 
age 
Percent. 
age. 


Total length 
the cuts, 
miles. 

Number cubic 


excavated. 


Money $516 $212 277 $590 $232 $908 $403 
Average cost per 
cents. 


80.1 84.9 145.5 54.2 


9 | foo |87.1 9 8 


The data relating the dredging craft the Volga are given 
Table No. 


4 4 
1899. 1900. 1901. 
Total. Volga. 
51.9 
44.4 
85.5 


[Papers. 


-TABLE No. (Continued.) 
Desirable depth bars, ins. 


1896 Volgian hydraulic pipe. 250 4.75 215 2.50 125 250 capacity 


capacity, 


DREDGING RIVER 


Cost $35 897. 
District 
District 
Cost $28 775. 
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TABLE No. 


Data RELATING THE CRAFT THE 


District 


Desirable depth bars, ins. 
adder cows 
5....| 1900 Volgian Ladder. discharge 5.50 275 275 550 123 
pipe. 
Hydraulic Discharge 
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The total contract-hour capacity the sixteen Volgian dredges 
390 cu. m., these dredges representing investment 461 900. 

should stated that some dredges District usually work 
District the beginning the season, together with the dredges 
the last-mentioned district, because the bars District com- 
mence shoal later than those District 

During 1901 the dredges worked depths varying from ft. 
The number hours effective work varied from 22.6% 80.2% 
the total number hours the season. 

average, the dredges spent 56% the working time the 
bars, 22% deepening the winter refuge harbors and 22% towing, 
putting place, boiler cleaning and other delays and unproductive 
work. 

The dredges the Volga are mostly ladder dredges. typical 
Volgian dredge shown Plate LVI, and drawings the Ladder 
Dredge Volgian 9th are shown Plate They have shown very 
satisfactory results. The weak points are the want power the 
centrifugal pumps and the insufficient length the floating discharge 
pipes. These faults are common nearly all the dredges except the 
latest ones built, and will remedied 

The expenses for dredging and for operating steamboats attached 
the dredging craft the Volga 1901 amounted $374 880. 
Most the repairs dredges and were made the Govern- 
ment shops, the operating expenses this kind amounting $28 407. 
Adding this extra expenditure the first mentioned gives $403 287, 
the total cost dredging 1901. 

Assuming the amortization the rate 6%, the total capital 
invested dredging appliances being, above stated, 461 900, 
the annual cost amortization will $85 000. 

The deepening winter refuge harbors 1901 cost $118 000, 
given Mr. 

Thus, for the purpose improving the water transportation, the 


sum approximately $403 287 000 118 000 $370 287 was 
spent. 


This occasion taken acknowledge the courtesy Mr. Ivanitski, Chief the 
Waterways Department the Ministry Ways Communication, who has enabled the 
writer show drawing the dredge Volgian 9th. 


Proceedings the Annual Meetings Persons Interested Russian Waterways 
Development, 1902. 
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This help navigation needed during low-water stage only, that 
is, July, August and September. 

The quantity freight transported the Volga between Nijni- 
Novgorod and the mouth the Kama exceeds 000 000 metric tons, 
but the greater portion being carried the spring, admitted, 
that only 500 000 metric tons freight are benetited directly the 
dredging, that the cost dredging per metric ton freight bene- 
fited $0.243. 

the same time, the freight rate for the transportation naphtha 
residuals, for example, from Astrakhan Nijni-Novgorod 357 
miles), nearly equal $1.50 per ton. 


evident that calculations 
this kind are only approximate. 


Nevertheless, they prove clearly 
that navigation receives substantial aid,even from such small appro- 
priations. 

Compared with the business done, the sums expended the 
Government seem insignificant, but they are very great when 
compared with the freight rates, and cannot increased further with- 
out careful consideration. the other hand, the fact that the appro- 
priations are small makes necessary use the existing dredging 
craft with the greatest care and economy. 

This question economy still more important view the fact 


that shipowners eagerly call for further increase the dredging 
fleet. 


DREDGING. 

Considered from the most general point view, the routine busi- 
ness the dredging craft rivers consists creating easy and 
deep waterway for boats, and deepening entrances and areas 
river harbors and winter refuges, all which must accomplished 
small cost. 

obtain this result, two things must taken into consideration. 

First, necessary that the dredging fleet equipped and 
maneuvered with care and foresight. 

Secondly, with the most modern and well-equipped plant the 
world, the durability the improvement obtained dredging must 
not lost sight of. This subject which has not been investigated 
sufficiently. 

accomplish the first requisite the efficiency each individual 
dredge one working hour must the maximum, under given con- 
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ditions. Each dredge should properly designed for the work 
performed, and its crew should sufficient, but not superfluous. 

The efficiency each individual dredge during the whole working 
season should also the maximum. many hours possible 
the whole working period must spent excavating material and 
carrying away, and idle hours, unproductive delays, towing dredges, 
cleaning boilers, etc., must reduced minimum. 

Besides this, the efficiency the whole dredging plant must the 
maximum. This means that the number units and their capacity 
must properly designed and combined; that the steamboat service 
cheap enough; that the winter expenses low; that the super- 
vision strongly enforced; and the accountability include all impor- 
tant details without being complicated. 

not the purpose the present short paper explain how 
this service now organized Russia. Much has been done, this 
respect, especially Mr. Kleiber, the Second Engineer the Dredg- 
ing Department the Volga, whose reports* have notably advanced 


the knowledge this subject. 


ScHEME DREDGING. 


important find such shape for the channel cut 
will not only prevent any filling up, insure its maintenance and 
even its scouring and deepening. 

discussing the proper shape for dredge cuts, the writer will use 
the data relating the average conditions the District the Volga 
between Nijni-Novgorod and Kama. The dredge cuts the Volga 

are now made channels constant width (250 260 ft.), and the 
depth dropping the ladder remains constant during the whole 
the operations, sometimes reduced the rate which the water 
level falls the bar. prevent possible filling the dredged 
channel, extra depth ins. generally provided. 

Both ways dredging, e., dropping the ladder constant 
depth, raising proportion the falling the water level are 
left the discretion the dredge 

Although special observations the subject have been made, 
yet, according officially published and special information 


also, other publications. 
Supplements Telegraphic Bulletins the District Waterways Kazan. 
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relating the methods working adopted different dredges, the 
writer thinks that the dredge cuts made with continuous raising 
the ladder are durable enough during the greater part the naviga- 
tion season. 


the other hand, the writer has observed that just when the 
dredge begins work, and when the first 100 ft. are left behind, 
the current the dredged cut increases rapidly. Then certain 
scouring out sand noticed, after which sand drifts commence 
move much greater speed. All this leads him think that 
would desirable obtain downward slope, the direction 
the current, the bottom dredged channel. 


channel which the bottom inclined the opposite 


direction the stream, will have, longitudinal section, the same 
aspect the bar before the dredging operations were commenced 
(Fig. 7), and sand drifts, shifting the bottom, will impelled, 
formerly, rise upon inclined plane; consequently, the conditions 
their movement will the same existed previously, and the bar 
will tend the former shape equilibrium. 
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the contrary, the bottom the dredged channel slopes down- 
ward the direction the current, the water need exert much less 
force pushing the drifts down the inclined plane (Fig. 

would seem, therefore, that beginning the dredging (and 
moving against the current, usual) would reasonable drop 
the ladder deep the construction the dredge permits, e., 
ft., and, after raising gradually, finish the work the depth 
required navigation, e., ins. plus the height water over its 
low stage. But this not all that necessary ensure success. 

From the examination drawings showing dredged channels, 
appears that these channels are commonly filled either from above 
from below, while, the middle, almost always, there remains some 
material which slowly disappears the course time. 

can supposed that dredged cut filled its down-stream 
end when its bottom inclined against the current, e., such case 
the bar crest most quickly restored (Fig. 9). 

dredged cut probably filled its up-stream end when 
made artificially with downward slope the direction the current, 
its width the up-stream end remains equal became 
smaller than the down-stream end (Fig. 10), such slope has been 
eroded the current. 

Therefore, dredged channel should commenced narrow, the 
supposition that will scoured little little, and, according the 
rate progress this erosion, the width the dredged cut should 
increased, going stream, that the funnel-shaped opening 
the channel into which the water entering shall constantly 
turned against the current (Fig. 11). 

Briefly, the basis this proposed method dredging the sup- 
position that, owing the shape herein recommended, the progress 
the suspended material dredged channel will the easier. 

This suspended matter, and the particles material excavated 
from the bottom and side slopes the dredged channel itself, will pass 
along, without hindrance, the deep water below, and the channel 
will durable and possibly even deepened scour. 

Furthermore, account the forced erosion the direction 
the dredged cut during the progress the work, there will con- 
stant reduction the amount cutting necessary, and the estimated 
total length the cut will reduced (Fig. 12), which very im- 
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portant, view the fact that the dredging plant will utilized 
more fully. 

This reasoning may now applied the practical data, supposing 
the dredging have been commenced after the beginning the low- 
water season. 


level when starting work 


12. 


Suppose the mean length the cut 650 ft. and the mean 
progress the work 110 ft. day, then the dredge will spend 
fifteen days making the channel. 

During that time the water will fall, roughly, 

Since the difference, between the highest and lowest positions 
the whole length the cut, 650 ft., will measure 

This quantity considerable itself, but its importance becomes 
more evident remembered that the slope the water surface 
bar only in. ins. 1000 ft., consequently the slope the 


give such slope the channel bottom necessary raise 
the ladder from 15; that is, ins. every day. 

The width the channel chosen beforehand can deter- 
mined approximately supposing, for the first rough calculation, 
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that the channel will not scoured, and that the width its upper 
end must not exceed 325 ft. 

Let supposed that the mean velocity the lower end the 
channel must not less than that the upper end, and that the 
same quantity water that enters the channel must pass through it. 
Then the areas the channel sections both ends must equal, 
and the width the cut must inversely proportional its depth, 


325 


e., the width the down-stream end will 


which width the work must laid out. 
the end the first day, such calculation, the ladder would 
dropped ft. ins., and the width would extended 


150 ft., for 


123 
the end the second day the ladder would dropped ft. 


may thought, however, that necessary provide 
greater width, owing scouring the down-stream end the cut, 
but will not difficult make new cut greater width case 
erosion does not take place expected. all cases desirable 
which the results the work during its progress, order deter- 
mine each case whether any modifications the plan are necessary. 

The rule observed that each succeeding up-stream cross- 
section the channel must broader and shallower than each pre- 
ceding down-stream cross-section. 

During the progress the work the down-stream cross-section 
may eroded, and then the above-mentioned rule must applied 
the changed conditions. 


and the width would extended 


There one feature which essential the success the pro- 
posed system dredging which attention should especially 
called: During the operations the axis the channel must make 
acute angle possible with the mean direction the current 
through the bar. The direction the current can determined 
the plotting the survey showing the contour lines. 

Should the dredged channel traced that the current erodes 
only one side the cut and causes drift form the other, 
sure method preventing the channel from filling can indi- 
cated. Circumstances may occur, under which the proposed shape 
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cannot realized, but the writer believes that every case, when 
possible, its adoption will prove justifiable. 

The only objection this method ever heard the writer was 
that would involve extra expenditure increasing the amount 
excavation. But this would offset the greater stability 
the dredged channel. believed that the increase work would 
not very great, because highly probable that the channel 
would scoured the current during the progress the work. 
Questions this kind can solved only experience. 
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possible make Concrete which will Impervious Water 
so, what the best method 


Assoc. Am. Soc. (by letter).—The Mr. Thompson. 
writer’s attention was first called the possibility making pure 
concrete very thin section impervious water, visit the fil- 
tration works the East Jersey Water Company, Little Falls, 
through the courtesy the Resident Engineer, William Fuller, 
thickness the bottom, and withstanding, either upon the inside the 
outside, pressure water more than ft. depth without leak- 
age, proves beyond question the possibility laying concrete which 
practically impermeable. Another example concrete construction, 
thesame plant less remarkable, view the difficulties usually 
encountered placing wall reinforced concrete, circular 
tank, ft. diameter and holding water depth ft., with wall 
and bottom only ins. thick. 

The double-track tunnel between Boston and East Boston, built 
under the harbor the Boston Transit Howard 


discussion this subject, which formal papec was presented, con- 
tinued from the September, 1903, Proceedings. 
+See paper describing this George Fuller, Assoc. Am. Soc. 


Transactions, Am. Soc. E., Vol. L., and discussion taereon Mr. William 
Fuller. 453. 


See Seventh Annual Report, Boston Transit Commission, 1901. 
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Carson, E., Chief Engineer, illustrates the construction, 


under difficult conditions, concrete which could not laid asa 
monolith, but had built sections ins. length. The thick- 
ness the arch and walls ins., and high water the depth the 
roof below the surface the harbor may great ft. The 
writer observed, when walking through the tunnel soon after the air 
pressure was removed, that the only leakage consisted percolations 
the joints between the sections concrete laid different days. 
These emitted scarcely appreciable volume water, and were being 
closed forcing neat-cement grout under pressure. 

generally agreed engineers, this country and abroad, 
who are accustomed placing concrete which withstand the 
percolation water, that the essential elements for impermeability 
are: 

aggregate (including sand) proportioned for great 
excess cement; 

wet mixture carefully placed; 

Monolithic construction. 


The addition foreign substances, such soap and alum, slaked 
lime, pozzuolana, has for its chief object the introduction very 
finely divided matter into the pores the concrete, and long 
the cohesion the cement not injured, makes very little differ- 
ence, regards the permeability, whether their action chemical 
mechanical. mechanival addition may actually increase the strength 
well the impermeability, simply increasing the density, and, 
therefore, may replace portion the cement, which, the finest 
ground material ordinary concrete, must otherwise fill 
ual voids inthe aggregate, with surplus provide for imperfect mix- 
ing. Clay has been ingredient for increasing the 
density, laboratory tests tend show that small admixture 
clay increases rather than diminishes the strength mortars. While 
the laboratory this might proved effective, its use the field 
would probably impracticable the tendency its parti- 
cles adhere, and form balls having slight cohesion. 

Feret, France, has recently been conducting series experi- 
ments* determine the effects mixing, grinding together, mate- 
rials pozzuolanic character with cement, used sea water. 
Specimens the air were injured the introduction this material, 
but those exposed sea water were improved. comparison with 
specimens which had been added matter the same fineness the 
pozzuolana, but inert character, the action proved be, least 
part, chemical one, and the results not merely due the greater 
density obtained the more perfect filling the voids. 

The relation between porosity and permeability, which has been 


Annales des Ponts Chaussées, 1901, Part IV, 195. 
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referred Mr. Lesley, misleading. Although Alexandre, 
quoted Feret, shows that the more porous mortars are some- 
times the less permeable, this principle cannot applied strictly 
concrete, because, porous concrete, the term generally 
accepted, the voids are apt such size that the capillary action 
the water contained them insignificant. One Feret’s 
most important deductions has clear bearing upon this point: 

must not understood, however, that the quantity water 
which, under given pressure, traverses mortar during given time 
necessarily proportional the total volume voids the mortar. 
depends especially upon the size the voids considered separately. 
Thus that one compares series mortars obtained combin- 
ing equal weights the same cement with sands increasingly large 
dimensions, noted that the permeability may very slight for the 
first and considerable for the following, although the real volume 
solid material entering into the unit volume the mortars goes 
increasing the same time with the size the 

Mortars made with fine sand, however, Feret states, although 
less permeable, are apt more easily acted upon sea water. 
Considering, now, mixed sands, Alexander has shown experiments 
that these are less permeable than either coarse fine sifted sand 
alone, and Table No. from his paper Hydraulic Mortars} shows 
the results his experiments with different sizes screened sand, 
and also the effect time, and varying the propertion cement 
sand, upon the percolation water through thickness 
mortar. 


TABLE No. 


PERCOLATE UNDER HEAD 0.50 


Size sand. 


Qua Pro 
por- 
Passing per cement 
the After After two 
with having meshes| meter 


per 


Coarse (25 250 
45). 


minute. 
114 400 1:3.4 minutes. hours. 
550 1:2.4 seconds. hours. 
Fine (175 1:5.4 seconds. hours. 
280). 45to 1:3.4 minutes. hours. 
parts) 
( 4 | 


Annales des Ponts Chaussées, 1892, Part 91. 
Annales des Ponts Chaussées, 1890, Part 407. 
Columns compiled the writer from data given Alexandre. 


Mr. Thompson. 
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The mixed sands undoubtedly reduce the size the voids, and 
the same time they give greater density, they are consequently 
selected preference either the coarse the fine. Extending 
this principle the coarser materials the aggregate concrete, 
the conclusion reached that the selection materials produce 
greatest impermeability coincides with the selection materials for 
maximum that is, the proportioning the aggregate 
the grains any one size will sufficient quantity fill the voids 
the larger sizes. 

invariably see concrete mixed with exceedingly small percentage 
water, and sometimes also concrete mixed wet but laid carelessly 
that the allowed run away from the stones, more perme- 
the more minute voids the conclusion not clear, the advocates 
dry-mixed concrete claiming that the surplus water when evaporating 
leaves voids which reduce the density the mass. Mr. William 
Fuller, champion the wet mixture, has, the other hand, 
asserted that, his belief, the greater specific gravity the solids 
causes them expel the surplus water. Experiments, collabora- 
tion with Frederick Taylor, E., which the writer now has under 
way, and which hopes later date present the Society, tend 
prove the correctness Mr. Fuller’s theory. Careful measurements 
specimens, both mortar and concrete, made with varying per- 
centages water, show, after setting, almost identical volumes, and, 
therefore, nearly equal density. dry mixture, however, bring 
this point, requires very violent ramming, harder than can given 
practical work, while the very wet mixtures need merely 

With the latter specimens, water, varying amount with the 
quantity used the mix, rises once the surface, and the mould 
tight and the solid materials are carefully proportioned, may 
remain there until evaporates, until taken the capillary 
action the mass. 
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Discussion.* 


much interest, describes current engineering practice railroad 
construction. the opinion, the method given for spiraling 
curves simple and convenient, and, this account, preferable 
most the older and more complicated methods. Its use will simplify 
field operations without the necessity resorting tedious calcula- 
tions elaborate tables. 

The tables cost are comprehensive, and much interest 
affording basis comparison for current prices for the classes 
work tabulated. These tables constitute valuable feature the 
paper, and the author commended for furnishing this informa- 
tion, especially view the general dearth data this class 
engineering literature. 

Judging the photographs, the masonry, both the arch and 
box culverts, was good; and the general design the box culverts 
accordance with good practice. The writer thinks the use bond 
anchor stones the box culvert paving would have been prefer- 
able. Such stones are several inches deeper than the regular paving 
stones and extend entirely across the floor the culvert. Ordinarily, 
they are placed intervals from ft., the length the 


culvert, and serve hold the pavement place case its under- 
mining washing. 


*This discussion (of the paper A.G. Allen, Assoc. Am. Soc. E., printed 
Proceedings for 1903), printed Proceedings order that the views expressed 
may brought before all members the Society for further discussion. 


Communications this subject received prior November 27th, 1903, will 
published subsequently. 


Mr. Lea. 
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the writer’s opinion, the arch culvert designs are defective 
two important features, namely: 

1.—The wing walls the up-stream end the culvert have their 
axes parallel with the axis the culvert. 

2.—A shoulder offset left, the junction each wing wall 
with the trunk the culvert, between the face the wing wall and 
the face the side wall the culvert. Both these objectionable 
features are eliminated Fig. 10, which illustrates arch culvert 
built under the writer’s supervision. 


DESIGN FOR AN ARCH CULVERT. 
Fie. 10. 


arch culvert construction the writer’s practice has been build 
the upper wing walls splayed angle about 30° the axis 
the culvert, and with their faces line with the faces the side walls 
the culvert, the junction the wing walls with the trunk. This 
construction requires that the faces the culvert walls shall bat- 
tered correspond with the batter the wing walls. this design 
there are shoulders re-entrant angles the upper end the 
culvert below the springing line the arch. The water afforded 
free and unobstructed entrance the culvert, and there are pro- 
jecting surfaces catch floating drift and 
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Esq (by letter).—The authors, commencing their Mr. Coker. 


investigations, not appear have given much attention the im- 
portant researches Osborne Reynolds the flow water pipes, 
now twenty years old. first showed that water flowing pipe 
may direct sinuous, depending upon the relations between the 
velocity the water, the temperature, and the diameter the pipe; 
and gave formula, for the critical value direct stream-line 
motion, expressed the form, 

where the critical velocity, the diameter the pipe, and 

showed, further, that, for stream-line motion, the loss head 
proportional the first power the velocity and influenced 
greatly temperature; while, for eddy motion, the resistance pro- 
portional higher power the velocity and less dependent 
the temperature. These results were arrived train reason- 
ing which appeals the principle the equality dimensions 
physical quantities, and the deductions were amply verified his 
own experiments and others. somewhat surprising, therefore, 


Continued September, 1908, See May, 1903, Proceedings for 


paper this subject Augustus Saph, Assoc. Am. E.,and Ernest 
der, Jun. Am. Soc. 


Assistant Professor Civil Engineering, McGill University. 
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see some these conclusions stated they were newly discov- 
ered and therefore novel, whereas they have long since been accepted 
and find place modern textbooks. 

Again, the authors express astonishment finding that the values 
the formula, V", remarkably constant for pipes 
the same material and smoothness, but this need hardly matter 
surprise when remembered that, even for pipes widely dif- 
ferent materials and different degrees roughness, the value 
the great majority cases, lies between 1.7 and 1.95, and there are 
many published experiments giving logarithmic plots for pipes 
the same material and degree roughness with lines practically 
parallel. 

Most the experiments recorded the paper have been made for 
eddy motion which small difference temperature between the 
water the pipes and the laboratory does not cause serious error, but 
this not the case when there stream-line motion, and then 
very necessary guard against change temperature the flow- 
ing water lagging otherwise protecting the pipes. The tempera- 
ture the room where the experiments were carried out stated 
have been practically constant, but, apparently, there reference 
the pipes being protected from change temperature, and 
would interesting know whether this precaution was attended to. 

The method reducing the results standard temperature ap- 
pears open criticism that the corrections are based entirely 
the results, and hence any errors the experiments reappear 
the correction factors. this objection removed would 
interesting learn why the authors finally assumed uniform correc- 
tion per 10°, when, appears from Fig. 3}, the correction 
should vary from 2.9 4.6 per cent. 

assumed that the total resistance, depends powers 
the pipe diameter, the viscosity, the density, and the velocity 
the water, there difficulty determining correction factor for 
variations temperature, the form 
where thesecond term, involving thedensity, is, negligible. 
This correction factor independent the experiments, except 
regards which latter can always determined with considerable 
accuracy, while the constants, and relate the known variation 
the viscosity. 

title this paper does not seem limit the discussion experiments 
upon the smaller sizes pipes, such those used the authors, the 
writer will give the result few experiments which made re- 


Proceedings, Am. Soc. E., for May, 1903, 456. 


cently the loss head 215 ft. cast-iron intake pipe Mr. Fenkell. 


Erie, Pa. 

1895 and 1896 the Commissioners Water-Works Erie, Pa., 
laid cast-iron intake pipe from the pumping station the south 
shore Erie Harbor within mile the north shore the har- 
bor. The top this pipe was laid about ft. below the natural bot- 
tom the harbor, and the outer end provided with submerged in- 
take crib. the manner laying this pipe has been 
sufficient say that the pipe was coated with tar, and that sections 
ft. ins. long were made shore, launched, towed into posi- 
tion, sunk, and connected divers, and that when the line was com- 
pleted was tested thoroughly for leaks. profile the line, made 
after the work was completed, shows that there very little variation 
the vertical alignment, except where the pipe approaches the sur- 
face, near the shore end. 

The water passes through the gratings the top the crib, then 
through ft. 60-in. vertical pipe 60-in. tee, where de- 
flected horizontally into the main line, whence conducted the 
pumping station. The observations for loss head were made 
24-in. manhole the water-works park near the pumping station, and 
between the crib and this manhole the only special 60-in., 35° 
curve. the 6-ft. vertical pipe the crib provided with 
5-in. flange, and about ins. above the crib floor. feeling 
through the ice with piece gas pipe, during the winter 1892-93, 
the top the crib seemed free from sticks and leaves, and 
mud was found, either the bottom the crib the inside bottom 
the 60-in. tee. deposit could felt 24-in. manhole, 
and the 24-in. riser the manhole, which was set when the pipe was 
laid, seemed free from rust, although places was somewhat 
rough. 

Erie Harbor about miles long nearly miles wide, and its 
greatest depth about ft. The water the crib about ft, 
deep. the passage from the harbor into Lake Erie only about 400 
ft. wide, storms never cause the water the harbor become very 
turbid. 

The experiments were made September 1903. The minimum 
temperature the air during the previous night was 62° Fahr., and 
the mean temperature the air when the observations were made 
was 68° Fahr. The temperature the water was 66° Fahr. 

The day was clear and the water unusually calm, there being but 
slight breeze from the northwest. The mean velocity the wind, 
recorded the United States Weather Bureau the top the Gov- 
ernment building Erie, was miles per hour, but was probably con- 
siderably less than this the harbor. 


Engineering News, Dec. 5th, 1895. 
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SEPTEMBER Ist, 1903. 
This Intake Pipe was laid 1895 and 1896. 


GALLONS PER MINUTE. 
Loss 


feet 
Gaskill pump. pump) Total pumped. per sec- (Column head per 


slip. 


Less 


slip. note. 


See note. 


(1) (3)* (4)* (5)* (6)* (8) (9) (10) (11) (12) (13) 
Closed down pumps. 


Started Gaskill pump. 


Increased speed. 


= 
mM 
mM 


12, Columns and are obtained multiplying the revolutions 182 and 552 galls., respectively, these figures are used the Erie Water- 
Works computing the pumpage. ordinary practice the length stroke the Worthington pump sometimes increased in. 


Mr. Fenkell. 
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The velocity flow was determined plunger displacement Mr. 


the pumps. The Gaskill horizontal, compound, 
pumping engine, erected 1886, with water cylinders ins., 
and rated 000 000 galls. per 24hours. The Worthington hori- 
zontal, compound pumping engine, erected 1893, with water cylin- 
ders 49} ins. ins. being the length the stroke when 
observations were taken), and rated 000 000 galls. per hours. 
The Gaskill pump worked against pressure and the Worth- 
ington pump against pressure per square inch. 
Hook-gauge readings were taken intervals one minute the 
24-in. manhole and also the harbor, about 200 ft. east this man- 
hole, and Table No. gives the results obtained. One and one-half 
times the velocity head deducted from the total loss head (see 
Column 10) allow for loss entrance and head necessary produce 
the velocity, and allowed for the slip the pumps (see note 
bottom table). The pumps were overhauled recently, and were 
good condition. 
The hook-gauge readings taken the harbor showed the extreme 
variation the elevation the surface the water have been in. 
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Messrs. ALLEN Hazen, AND THEODORE 


Mr. Hazen. Am. Soc. E.—The speaker has examined this 
paper with great deal interest, and feels thut very valuable 
addition the literature the subject. has not attempted 
follow the mathematical discussion. 

During the past year two has had occasion see quite 
number centrifugal pumps, designed and built different shops, 
which departed radically from the old forms, and which were, his 
judgment, better classed turbine pumps impulse pumps than 
centrifugal pumps; and has been much impressed with the fact 
that, apparently, the art constructing these pumps has developed 
certain shops point considerably advance that reflected 
the literature the subject. 

Many the matters which have already impressed him connec- 
tion with these pumps are discussed this paper and are embodied 
the designs submitted, although the designs recommended the 
author differ widely form from any pump which the speaker has 
seen. 

The speaker believes that pumps these advanced types, that 
say, pumps depending largely upon impulse action, and which 


*Continued from September, 1903. Proceedings. See Proceedings for May, 1903, for 
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systematically reduced the lowest possible point, will play very 
large part the pumping the future. 

Among other things, the adaptability such pumps direct con- 
with high-speed rotary motors, their low cost and good effi- 
ciency will lead their use many places; and now well 
demonstrated that with properly designed pumps the old limit 
economical lift centrifugal pump longer real limit; 
applied only pumps certain design, and when the design 
adapted the new service, possible lift water any required 
height with substantially the same efficiency that obtained with 
very moderate lifts. 


Mayer, Am. Soc. (by letter).—This paper very Mayer. 


valuable some its suggestions for improvements, but marred 
incorrect theories the vanes and the factors governing the 
discharge. There also erroneous equation (XV) page 508.* 
the instructions given the paper for the derivation this 
equation are followed, there obtained and not 

This error explains the contradiction between the author’s Equa- 
tions and XV. 

regards the discharge, the author seems miss entirely 
some the essential conditions governing it. The pump produces 
total head, which given correctly the author. This total 
head used overcome the difference level between the lower and 
the upper basins and all the resistances opposing the flow from one 
basin the other, through the suction pipe, the pump and the force 
pipe. The loss head the pipes varies approximately the 
square the velocity flow through them. The loss head the 
pump composed that friction the channels between the 
runner- and guide- vanes and that due the only partial transforma- 
tion into préssure the absolute exit velocity from the runner. The 
first part different for open and for enclosed runners, since 
governed the former case partly the absolute velocity the 
water flowing along the stationary casing, and the latter altogether 
its velocity relative the runner, which latter may only frac- 
tion the former. 

runner which contact with water remaining the pump 
causes, the friction between and this water, increase the 
power required drive the pump with given velocity, but this does 
not cause any loss head the water flowing through the pump. 

the constant peripheral velocity the runner then the total 
head, the pump given the author 

Proceedings, Am. Soc. E., for May, 1903. 


the friction water moving high velocities over the pump surfaces Mr. Hazen. 
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the difference level head between the upper and lower 
basins, the lift, H', then the head available for over- 
coming all the resistances the flow the water through the pipes 
pump. resistances are functions the velocity 
flow; the velocity flow, and the consequent discharge, therefore 

The author uses the term pump” loose manner, 

implying that the efficiency the ratio The efficiency cen- 
trifugal pump, any other machine, the useful work done 
divided the work put into the motor. The useful work 
done the pump the weight water discharged multiplied 
the lift, say 

The work put into the pump plus the work done over- 
come the friction the bearings and that between the runner and the 
water remaining the pump, plus the work done driving the leak- 
age past the pump. the sum the last three items then the 
efficiency the pump 


w 
This, evidently, always smaller than Since can never 


The author error regards the principles which must 
the design the vanes. asserts that Fig. the velocity 
exit will much larger than The oppositeis true. 
neglects the fact that account the circular motion the water 
beginning the vertical line, and the consequent increase press- 
ure from toward due centrifugal force, the relative velocities 
the section, must decrease going from since the in- 
crease pressure can only produced the expense decrease 
velocity. The average velocity therefore, less than the 
velocity, the vane. Since the water originally above the level 
will nearly all pass the vane, there will rise that is, 
the vertical distance from the surface will larger than 
the figure. During the relatively circular motion along the vane the 
velocity each particle the water (neglecting the effects gravity 
and friction) will constant, but those particles near the vane will 
move more slowly than those the surface; the velocity the parti- 
cles gradually decreases and the pressure gradually increases one 
passes from the surface the vane. and near the fig- 
ure, the same condition prevails, the total head, velocity plus press- 
ure head, being the same from the surface near the vane. Shortly 
beyond where the motion straight, the pressure uniform 
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through the whole cross-section, and also the velocity. The friction Mr. Mayer. 
along the vane was here neglected; this will cause diminution the 
velocity the particles passing 

The vanes pump will now considered. such 
pumpeach particle water maintains during its flow through the 
vanes approximately uniform distance from the axis the pump, 
while, radial-flow pump, this distance increases. This difference 
the direction flow, relatively the runner, entails fundamen- 
tal difference the proper shape the vanes. 

generally conceded that the vanes should shaped that 
the water enters without shock, and perceived that the tangent 
the angle, the author, between the directions the relative 
entrance velocity and the velocity the runner the entrance should 


equal where the absolute velocity entrance the water 


into the runner and the tangential velocity the runner the point 
entrance (see Fig. 


The elevation 
shows the intersec- 
tions the vanes 
with cylinder, 
radius, after de- 
velopment; being 
the radial dis- 
tance the vanes 
from the axis the 
runner. the radial 
width the vanes 
near the entrance 
constant, and the 
velocity entrance 
constant, the 
vanes should straight. this part not straight, but convex 
toward the flow, then the velocity entrance, the vane passes 
given point, increases, while the part passing front that 
point, proportion the increase the tangent the angle 
inclination the tangent the vane curve with the plane rota- 
tion. This increased velocity issuddenly checked when the point the 
next vane comes around. the vane recedes far from the straight 
line, the acceleration needed--which must extend for some dis- 
tance into the suction pipe—may not produced, and vacuum will 
created the farther part the back the vane. There will 
certainly vacuum the front the vane, and near the en- 
trance. The velocity entrance will rapidly oscillating. 


i 
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secure absolute uniformity the entrance velocity, the vane 
should straight the point where begins covered the 
following vane looking the direction the absolute velocity the 
entering water. small variation the entrance velocity, however, 
causes little loss is, therefore, sufficient make the vanes 
straight for shorter distance, say the point where they are 
covered the following vanes when looking right angles the 
relative entrance velocity. 

The lengths the channels the runner, and the loss friction 
it, are thereby reduced. This argument must modified when the 
vanes are decreasing radial width near the entrance. Then uni- 
form absolute velocity the entrance produces increasing absolute 
velocity the vane entered. The curve the vane, this 
vanes given, their proper curve corresponding uniform velocity 
entrance can easily constructed. The acceleration the water, 
this case, does not extend beyond the vanes, the corresponding 
reduction pressure, therefore, small, and can calculated 
accurately. 

the remainder each vane arc circle radius, the 
water will begin deflected from its straight course will, 
after this, move relative the wheel approximately arcs circles 
radius, line and within the wheel, the mean relative 
velocity the wateris The centrifugal force produces increase 
the vane greater than the pressure the rear the vane 
the velocity front must less than the rear the vane. 
Near the center will the mean velocity, and the mean 
pressure, The absolute pressure the rear the vane cannot 
less than The centrifugal force along produces difference 
pressure, p', per unit area the two points, and c,, where 


where 


weight cubic unit water; 
acceleration gravity; 
all the same unit. 
The foregoing equation only approximate, but sufficiently so, 
the variation velocity between and not very large. 
One-half this pressure, p', will the reduction pressure the 


back the vane below the mean pressure, therefore, 


must smallerthan plus atmospheric pressure; otherwise vacuum 


q 
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will produced the rear the vane. 
limits for and and which must kept view determining 
these quantities. 

The author seems appreciate, Figs. and 24, the necessity 
having the part the vanes near the entrance straight, but neg- 
lects this condition all other vanes shown. shows Fig. 
fixed guide vanes with straight entrance. The conditions determin- 
ing the shape these vanes, however, are different from those the 
runner. Either the pressure much greater than the entrance 
the runner, the angle between the entrance and exit these vanes 
much less than the runner. The velocity decreases during the 
flow through these vanes, and the pressure increases. Consequently, 
much less chance for the formation avacuum. 
these vanes may much sharper, and may begin nearer the 
entrance, can calculated similar manner that the 
vanes the runner. The vanes shown Fig. 24, evidently, would 
better perform the office turning all the outflowing water into one 
direction, their straight part were shorter and their curved part were 
greater radius. 

The use such fixed guide-vanes, however, can avoided, with 
advantage, introducing, the exit from the runner, circular 
channel gradually increasing cross-section, such shown the 
author for radial-flow pumps. 

Vanes Radial-Flow Pumps.—The condition that the water should 
enter the pump with uniform velocity, and, therefore, without shock 
from the moving vanes, determines the curve each vane far 
not covered the following one when looking from the center the 
pump. This curve spiral when the axial width the vanes near 
the entrance decreases proportion the distance from the axis. 
the axial width the vanes decreases greater smaller rate than 
the distance from the axis increases, then the radial velocity the 
water must increase decrease its distance from the center in- 
creases, uniform velocity entrance into the wheel 
secured. the rate decrease axial width vanes given 
axial section the pump, then the proper shape the vanes near the 
entrance, uniform entrance velocity, can easily con- 
structed. The part each vane covered the following one can 
are circle meeting the circumference the wheel right 
angle. not essential that the entrance velocity should ab- 
solutely uniform. The circular part the vanes, therefore, can begin 
somewhat earlier than given above, without much loss the entrance, 
and with the friction loss the wheel. See Fig. 39. 
the circular arc for the latter part the vane drawn tangent 
the assumed end the first part the vane with arbitrary radius, and 
the periphery the wheel drawn normal this circle, then the 


This gives certain Mr. Mayer. 
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absolute curve the mov- 
ing water near the exit 
from the runner can 


velocity the runner, the 
radial width the vanes, 
and the discharge are 
given. From this curve 
the absolute motion 
the water, the runner 
near its exit, its radius 
curvature the exit can 
determined. This corre- 
sponds the radius, 
the axial-flow pump. 

The centrifugal force 
between two succeeding 
vanes can then calcu- 
lated manner that shown previously. the press- 
ure from centrifugal force subtracted from the mean absolute pressure 
the exit from the pump, calculated from the formulas, gives the 
absolute pressure the back the vanes their outside ends. 
This should more than not the case, then the num- 
ber vanes near the periphery the pump should increased, 
their radius curvature made larger. The number vanes can 
often with advantage made twice large near the periphery 
near the center. The shape here suggested for the outside part the 
vanes some extent arbitrary. reduce the loss head 
friction during the flow through the vanes, their radial depth should 
small compatible with the avoidance vacuum and 
considerable shocks the entrance. The best vane, therefore, will 
obtained the curvature made sharp compatible with 
these conditions. this done, the absolute pressure the back 
the vane, from the periphery the point where the vane not 
covered the following one, will From this condition, the best 
curve the vane can constructed when the amount flow, the 
axial widths the vane, and the velocity the wheel are given. 
The process, however, complicated. 

When the pressure, great, and the small, be- 
comes very small. this case vacuum need feared, and the 
curvature the latter part the vanes can chosen freely suit 
other considerations. 

the vanes are designed correctly, which rarely done, pump 
can constructed which wilf work economically with much greater 
speed and entrance velocity than practicable with badly designed 
pump. 


39. 
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Most the designs the author have very complicated vanes Mr. Mayer. 
double curvature, which can hardly calculated and would 
difficult mould exactly the calculated shape. 

The surface the vanes radial-flow pumps cylindrical, that 
the vanes axial-flow pumps skew surface produced the 
motion straight line always intersecting the axis and the vane 
curve the cylinder with radius, (given previously), and always 
remaining perpendicular the axis. 

The Radial Depth Vanes Pumps.—To make clear 
one the most important conditions which must govern the radial 
depth the exit from such vanes economical pump, the author’s 
compound pump Fig. will considered. 

The radial depth the vanes scales ins.; the head, produced 


one set moving vanes, varies, then, from and are 


the least and greatest velocities. ins.; ins., with 500 
revolutions per minute; 


26.18 ft.; 

34.91 ft.; 

21.28 ft; 

The head corresponding the mean diameter ins. 


32.2 
The heads produced the two sets vanes are twice those 
given above, from 42.56 75.70 ft. the adverse head, outside 
the pump, equal the lift plus the losses head the suction and 
force pipes ft., then, evidently, the water will flow backward 
the inside the vanes with velocity that will create losses head 
equal 7.44 ft. The velocity will small, there will much 
loss shock where the water enters new sets vanes. The water 
will flow forward the outside the vanes with velocity that will 
create losses head equal The loss head suffered 
the water flowing through the pump near the outside the vaneg 
will 25.7 ft. account the extremely variable velocity flow 
the channels between the vanes, there will much internal friction 
the water eddies. The direction the vanes cannot adapted 
these various velocities, consequently there will much shock 


the entrances the different sets vanes. large ratio 


therefore, very objectionable pump with axial outflow from the 
vanes the result, inevitably, must low efficiency. All calculation 
the lift, amount flow corresponding given velocity, 
pump like that here considered, must futile; any attempt 
design for vanes that will avoid shock equally hopeless. 


di 


Mr. Mayer. 
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The Efficiency Centrifugal Pumps.—The writer will disregard the 
author’s warning, the risk endangering the reputation mathe- 
matics, trusting that she strong enough defend her reputation, 
and will attempt ascertain calculation, far possible, the 
conditions which must complied with secure efficient centri- 
fugal pump. 

The efficiency machine its useful work divided its total 
work. The total work the useful work plus the wasted work the 
losses. 

rotary pump the useful work the product the lift into the 
weight water discharged. The losses are: 

First.—The friction the bearings; 

Second.—The friction between the runner and the water remaining 
the pump; 

Third.—The waste leakage from the pressure the suction side 
the runner; 


Fourth.—The friction the water while flowing through the chan- 
nels between the vanes; 

Fifth.—The loss the transformation into pressure the velocity 
given the water the vanes the runner; 

losses the suction and force pipes, these are con- 
sidered part the pump. 

The first loss very small, especially the pump well balanced 
and driven electric motor. Its size depends the efficiency 
lubrication and the condition and design the bearings. 

The second loss can avoided almost wholly surrounding the 
pump with air instead water, suggested the author. 

The third loss can kept low proper design and accurate 
workmanship. 

The first three losses affect the efficiency, but not the lift, the 
pump. The third loss reduces the amount discharge. 

The laws governing the losses head the suction and force 
pipes are well known, the velocities them are not unusual. These 
losses can calculated accurately for any given discharge. 

The laws governing the losses during the flow through the vanes 
are not accurately known, the velocities are generally larger than 
the range the experiments, and the channels are somewhat irreg- 
ular; but the known formulas for the relation between velocity, friction, 
and hydraulic radius will give approximately true results. These will 
much better guide than absolute ignorance. The writer, there- 
fore, will use Kutter’s formula: 


1.811 
where 
(41.6 Slope. 
(in feet) 


1 
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which the coefficient roughness, and may taken 0.009. Mr. Mayer. 
may somewhat more pump with rough channels, but 
will soon decrease with the use the pump. 

The slope this case large. 

The formula for therefore, becomes approximately 


243 
(in feet) 
From Equation obtain 
h = S j= eR 
H 
and 
this formula, the velocity flow through any channel, 
either runner- guide- vanes, relative the channel walls. 


the fraction the total head lost the channel considered. 

vary much different parts channel the channel 
should subdivided into different parts with nearly constant and 
each part, and the losses head succeeding parts should 
added. 

the relative velocity against the different walls channel 
different, open runners, then the losses head friction 
against the walls with different velocity must calculated separately 
and added. This can easily done considered that the fric- 
tion against part the periphery channel equal the friction 
with the same velocity against the whole periphery, multiplied 
the ratio between the length and the length the whole 
periphery. 


means Equation the fraction, for the whole length 


the channels between the vanes can calculated for any proposed 
shape the vanes. 

Equation shows that increases slowly with the increase 
the length the channel through the vanes, and increases with 
account the increase with pumps large discharge 
comparison with the lift lose smaller fraction the total head, 
friction during the flow through the runner- and guide- vanes, than 
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pumps small discharge compared with the lift. The formula shows 
making the curvature the vanes sharp compatible with 
the conditions previously mentioned. The shape the channels 
shuuld such give large that is, they should nearly 
square other conditions allow. 

the head large, several pumps succession, compound 
pump, will lose less efficiency the friction the channels be- 
tween the vanes than single pump the total lift, will 
larger the former case. 

The formulas given the author and the foregoing leave 
wide range choice for the velocity flow through the pump. 
Trial designs vanes should made for different values this 
velocity, and the consequent relative loss friction the channels 
through the vanes should calculated means Equation 
repeated trials, form vane will found which will give 
nearly the smallest possible loss head friction the channels be- 
tween the vanes. The conditions previously given, avoid vacuum 
and rapidly oscillating entrance velocity, should always ob- 
served. 

The loss the only partial transformation into pressure the abso- 
lute exit velocity from the runner estimated, preliminarily, 
10% fora well-designed pump without sudden enlargement 
the exit chanuels. This loss increased any increase the 
assumed relative exit velocity, from the runner. This latter, 
therefore, should taken somewhat smaller than would prescribed 
the smallest friction loss between the vanes. 

The calculation the pump must start with the known desired 
lift and discharge The losses head theadopted suction and 
force pipes can then calculated andadded Thissumshould 
The former percentage addition should used for pumps large 
discharge, the latter for pumps small discharge, compared with 
the head. can then the vanes designed for differ- 
ent velocities flow through the pump. The quantity flow 
through the channels between the vanes the runner must 
assumed equal plus the estimated leakage past the runner. 

The loss head friction the channels between the different 
trial vanes must then calculated and the best ones adopted. the 
first guess for the losses head the pump was far out the way, 
new and better guess can made and better vanes designed. 

The remainder the six losses above mentioned should then 
and, where calculation fails, guessed at. This determines 
the efficiency the pump and the power the motor required. 
After the pump built should tested. From the tests the 


. 
. 
| 
q ‘ 
| 
7 
q 
i 
| 
{ 
| 
1 


Papers.] DISCUSSION: CENTRIFUGAL PUMPS AND FANS. 901 


known factors previously guessed can inferred more closely, and Mr. Mayer. 


future predicted more accurately. The loss about which least can 
inferred from general hydraulic principles that due the only 
partial transformation the exit velocity from the runner into head. 
The laws governing its size must inferred from numerous tests with 
pumps actually built. 

Loss Work Friction between the Runner and the Standing Water 


Surrounding have RS, for the relation between 
2 


velocity and friction water pipe. From this, and from 


this obtained the work needed overcome the friction length, 
the pipe 


S la V w= R l 
where the area cross-section the pipe; and the 


periphery the pipe. 


introduce for and call the work friction, obtain 


lis the area along which the friction occurs, and the velocity 
the passing water. 

The standing water the pump will gradually begin revolve 
with the runner, and the relative velocity between the runner and the 
water will thereby decrease. the case fits the runner closely, the 
velocity the water will half that the runner. This will 
reduce the friction between the runner and the water about one- 
eighth; but there will arise friction between the water and the case, 
which, for close fit between the runner and the case, about equal 
the friction between the runner and the water. The power over- 
come the friction between the water and the case must also come from 
the runner. The total work friction, therefore, approximately 
one-quarter that between quiet water and the runner. 

Different parts the runner have different velocities, and the 
must changed accordingly. The two considerations 
mentioned suggest the formula 


F= aplV’= 


The case here considered, however, widely different from that 
the flow water pipe open channel. The results obtained 
the formula, therefore, may not correspond with the facts. Exper- 
iments with pump arranged for running either water air, and 
driven motor known characteristics, would needed 
determine the proper coefficients for the formula. Experiments 
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with metal disk and with cylinder revolving water would 
still more suitable for ascertaining the general Jaw this friction. 

The distance the case from the runner has probably little influ- 
ence the amount work lost this friction. the case far 
distant from the runner, large part the total friction will in- 
ternal friction the water, and the friction between the water and the 
case will correspondingly smaller. 

The formula here given merely hypothesis the probable 
law this friction. needs confirmation experiment, because 
several steps the argument are mere surmises. 

hard see what the author expects accomplish his pro-. 
posed adjustable pump that could not obtained cheaper, 
better, and simpler manner throttling valve the force pipe. 
The narrowing his exit channels from the runner will decrease the 
quantity flow, desired, but will cause loss head 
these channels. The vanes the runner can made quite suit- 
able only one ratio between velocity flow and velocity, The 
best efficiency, therefore, cannot be-maintained for different discharges 
accompanying the same speed the pump. 

The introduction these additional vanes into part the pump 
with high velocity must inevitably decrease much the obtainable 
maximum efficiency. The introduction throttling valve into 
force pipe with small velocity would have little effect the maxi- 
mum efficiency the pump, and, partly closed, would reduce the 
maximum efficiency the pump more than the corresponding 
reduction the smaller maximum efficiency the author’s adjust- 
able pump. Ifthe speed the motor can varied, reduction 
speed will bring about reduction discharge with less loss 
efficiency than inevitable with the contrivance suggested the 
author. 

The author correct assuming that the field usefulness 
rotary pumps will largely increased improvement their 


Rotary pumps high efficiency, driven steam turbines 
electric motors, may expected encroach largely the present 
field reciprocating pumps, for which steam turbines and electric 
motors cannot used with advantage. 

sum the writer’s review the paper: His formulas for 
rotary pumps, with one unimportant exception, are correct, but, 
alone, they are utterly inadequate guide for the design 
economical pump. Such guide can only obtained from care- 
ful mathematical analysis the conditions governing the efficiency 
rotary pumps. Most the defects the paper are due the 
refusal the author undertake such analysis. 
mathematical analysis these conditions may impossible, but 
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easy much further than the author did, and thereby avoid Mr. Mayer. 


the errors into which has fallen. Only carrying the mathe- 
matical investigation far possible can the results tests 
completed pumps interpreted ascertain the complete laws 
governing the efficiency rotary pumps, and only this way can 
complete guide the correct design rotary pumps finally 
obtained. 

The author’s theory the vanes, far goes, incorrect, and 
does not nearly far enough. His vanes, like those most 
pumps, are largely guesswork. neglects his investigation 
some the governing factors determining the discharge. His state- 
ments regard arethereforein error. the inequality 
head produced the inside and outside the discharge ring 
axial-flow pumps, and, consequence, recommends evidently 
inefficient design. suggests adjustable pump value. 
distinction between centrifugal and impulse pumps, saying 
that they are based different principles. His equations not 
sustain this assertion. The essential principle both the same. 
The water given velocity means vanes pushing along. 
This velocity reduced and transformed into pressure. The proper 
shape the vanes different for radial and for axial motion the 
water. This the only essential difference between centrifugal and 
impulse pumps. Centrifugal force always arises when body 
forced acurve. There good reason given why the 
pressure during the flow through the runner should constant 
variable ineither kind pump. The different values this pressure 
may chosen suit other conditions. All unnecessary restrictions 
are harmful, because they limit the possibility nearly satisfying all 
essential conditions great efficiency. 

The author also suggests compound pumps for high lifts, which, 
they are properly designed, give good 

The merit the paper lies mainly simple derivation correct 
formulas, and suggestions for methods balancing and reducing 
the friction. spite all defects the paper valuable con- 
tribution the theory rotary pumps. 


always pleasure find subject, the mathematics which might 
termed burdensome, treated simple and practical manner, 
the author has done with the subject the centrifugal pump. The 
writer believes, however, with the author, that the forces acting with- 
pump are varied and intricate, and the assumptions 
upon which any theory must based are general different from 
conditions practice, that any deduction can hardly considered 
other than general guide experimentation. 

That this subject has been overlooked previous writers upon 
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hydromechanics, however, stated the author, can hardly 
reconciled one who has read the masterly paper William Caw- 
thorne Unwin, Inst. E., entitled Centrifugal Pump.” 

From comparison between the two theories advanced these 
authors, appears that, beyond the preliminary principles the 
Bernoulli theorem, there seems little common but this, 
intimated, due principally the difference the preliminary 
assumptions. Mr. Harris’ analysis radial prism liquid upon 
the rotating wheel unit area subject purely centrifugal force 
assumed, and equation deduced for the pressure the outer 
radius the wheel. Flow next assumed take place, and 
equation deduced for velocities flow through the wheel, terms 
this pressure head. final equation deduced for the total head 
the wheel, follows 


This equation surely simple one, but the assumptions are surely 
very far from the real conditions flow within the pump, and, Mr. 
Venable has pointed out, the equation for flow corresponding the 
pressure head that corresponding discharge against 
external pressure. 

Unwin’s analysis, the contrary, conditions are assumed 
regarding the action the water within the wheel, other than what 
take place actual practice. Instead assuming prism water 
uniform area and velocity, the column water, actually 
moves through the wheel, with its changing sections and changing 
radial velocities, considered, and, terms these variable elements, 
formulas are deduced for various portions the wheel. Thus, for 
the case pump with casing, the following equation for 
the total head given 


1 2 


this equation: 
lift, measured from the inlet the pump the 
discharge from the volute; 
Velocity rotation the wheel the inner radius; 
Velocity rotation the wheel the outer radius; 
Radial velocity water the inner radius the wheel; 


Minutes Proceedings, Inst. E., Vol. 1877-78. 
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Radial velocity the water the outer radius the wheel; Horton. 
Angle which wheel vanes make with inner circumference 
wheel; 
Angle which wheel vanes make with outer circumference 
wheel; 
Velocity water volute chamber; 
Discharge pump per second; 
Radius inner edge wheel; 
Radius outer edge wheel; 
Depth vanes inner edge wheel; 
Depth vanes outer edge wheel; 
Number vanes pump disc. 
This equation, first glance, seems somewhat formidable, 
and reassuring, indeed, note that practice the third term 
the right vanishes, and,unless the casing badly designed, the fourth 
term may usually neglected. its simple form, however, the 
equation may considered complete, and, the opinion the 
writer, true expression for the forces which act within the pump. 
The concluding remarks Mr. Unwin, though based they were 
upon experience and experiments the early stage development 
this class pumps, lends even more confidence the truth his 
analysis, and are worthy presentation here. concluded fol- 


lows: 


appears reason expect considerable advantage from 
the use whirlpool chamber centrifugal pumps; and ex- 
tremely desirable that experiments should made pumps 
constructed. such experiments are undertaken, primary 
importance design the whirlpool chamber such way pre- 
vent irregular and eddying motion. that cannot done, guide- 
blades must used. But guide-blades are not only additional 
complication the construction the pump, but when fixed they 
are exactly adapted only and movable, they require 
complicated arrangements for moving them. 

Plate 13, sections have been shown three types pump 
the varieties discussed this paper. The German with 
spiral casing. nearly corresponds the second type. The other two 
are pumps with whirlpool chambers. One these form ori- 
ginally designed, the author believes, Professor James Thomson; 
and pumps this kind were constructed under the author’s superin- 
tence many years ago. The other pump the pump which 
experimented, mentioned above. Neither these corre- 
sponds exactly with what, the author’s opinion, likely prove 


the best form. pump should, the author believes, fulfil the 
following conditions: 


The inner angle the vanes should correspond the 
direction the relative motion the water with the nor- 
mal discharge. 
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The outer angle the vanes should moderately large, 
say from 30° This would insure more moderate 
speed the pump, pump fora given discharge, 
and more rapid increase discharge with increase 
speed. 

(3) moderately large whirlpool chamber utilize the en- 
ergy motion the water discharged from the pump 

suitably proportioned spiral discharge chamber. 

The passage between the whirlpool and discharge cham- 
ber should accurately proportioned secure, 
far possible, uniform flow all round from the whirl- 
pool chamber into the discharge chamber. this passage 
varying section, the regular motion the whirlpool 
chamber would more less broken up. 


When the highest efficiency not required, then pump with 
spiral chamber the best proportions, defined above, would 
more compact, and should give fairly good results. that case, 
probably might advantageously made somewhat smaller than 
the values given above; but extremely small angle probably 
disadvantageous. 


Whether these views the best type pump are adopted 
not, the author hopes that the formule for the speed and efficiency 
pumps which have been obtained may use. still remains 
discuss the influence friction the efficiency and speed the 
pump, and this subject the author hopes some future time re- 
turn. only remains express his sense the great value the 
experiments carried out Mr. Parsons, the results which have 
been frequently quoted this paper. Without the confirmation 
theoretical results the data thus furnished the author would 
hardly have ventured publish this paper.” 

Turning now the more practical consideration the subject, the 
writer, not long ago, had opportunity making studies, regarding 
the action centrifugal pumps, which may interest, they in- 
volved some points relating practical design. that time was 
connected with the Metropolitan Sewerage Commission, Boston, 
Mass., and, under the direction William Brown, Am. 
E., Chief Engineer the Commission, was charge the 
official tests the additional centrifugal pumping plants then being 
installed the four stations the sewerage system. 

The pumping engines three these stations were the same 
make and capacity, but operating under different heads. Each was 
triple-expansion horizontal engine driving vertical shaft which 
was directly connected the centrifugal pump. The pumps had 
nominal capacity 000 000 galls. per day, were relatively large 
diameter and had ample water passages. might expected with 
pumps this type, there was little trouble attaining the required 
duty, which, the writer remembers it, was about 000 000, 
figure which compares favorably with duties obtained from pumps 
the piston type. The fourth pumping engine, however, was very 


DISCUSSION: CENTRIFUGAL PUMPS AND FANS. 907 


different design, operating under different conditions, and since this Mr. Horton. 


plant was unaccepted for long period, during which many altera- 
tions were made, will described more detail. 

The contract called for pump capacity 000 000 
capable developing 000 000 duty under head ft., meas- 
ured between water levels the suction well and discharge sewer. 
The machine offered was pump operating the center hori- 
zontal shaft driven vertical, cross-compound, slide-valve engine, 
with cylinders the two ends the shaft. The pump, the 
writer’s opinion, was well designed, the wheel, disc chamber and cas- 
ing being worked out most carefully theoretical lines, and com- 
pared with many successful wheels already built. The cylinders were 
good design for engines this class, having adjustable cut-off 
the high-pressure cylinder. The clearance was too large for good 
economy, but this, was claimed, was inherent fault due the 
type valve motion. The pump was operated under suction 
lift some ft., and the passages leading and from the 
were somewhat contracted. 

its first trial, the pump failed develop even approximately 
the required duty, although the capacity was nearly reached. This 
resulted long series tests and changes, which were both inter- 
esting and instructive. The first step was establish curve 
efficiency under constant lift. This was obtained running 
efficiency tests under different rates discharge. The rates 
discharge were obtained from gauge readings the station which 
registered the depths the discharge sewer, the latter having been 
rated previously means current meter measurements. This 
efficiency curve showed that the maximum efficiency, and consequently 
the maximum duty, was attained when the rate discharge reached 
000 000 galls., and then dropped off, first gradually and afterward 
quite rapidly, that, when ‘the contract capacity 000 0U0 galls. 
was reached, the efficiency and duty were quite low. 

This indicated that the capacity the pump was insufficient, 
that the suction and discharge passages were the hope 
increasing the capacity the pump, extensions the blades were 
made bolting small plates the proper thickness and curvature. 
This resulted improvement, and they were finally taken off. 

The next step was place pressure and vacuum gauges various 
points the wheel, casing, volute, and suction and discharge 
passages, and tests were then run under various speeds, determine 
where there might excessive losses. These tests were very useful, 
and soon showed that there were undue losses within the pump 
casing, but some excessive losses the suction pipe. substituting 
trumpet-shaped entrance pipe, and enlarging its diameter the 
same time, and substituting larger curve right-angle bend, 
these losses were reduced materially. 
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Attention was then turned the steam end. calorimeter first 
showed that the steam contained but fraction more than 
moisture, which was hardly considered serious. The cards from both 
cylinders were almost ideal, except during one two tests, when the 
piston rod plunger was found leak steam. the boiler end, 
the flue gases were analyzed, and was found that under normal con- 
ditions the combustion was quite complete. The gases left the main 
flue somewhat high temperature, and this, notwithstanding that 
feed-water coil was installed just back the main damper. the 
hope reducing the temperature the escaping flue gases, 18-in. 
were then introduced into the fire tubes, but with avail, 
might have been expected, since they merely retarded the velocity 
the gases combustion and, consequently, reduced the supply 
heat. 

Some twenty tests, all, were made with this plant, and seemed 
though nearly every means had been tried locate any defects and 
make corresponding changes remedy them. the whole, the 
pump itself was ample design. The passages and from the 
pump were too small, and were remediable only degree, por- 
tion the suction pipe was cast with the pump casing. The cylinders 
were proper dimensions, but the clearance spaces were too large, 
and resulted extravagant waste steam, aggravated also high 
piston speed. fact, not until, addition the other 
changes, these cylinders were replaced new ones having different 
valve motion and less clearance did this pump finally fulfill its 
requirements. 

Among the points which impressed the writer during his studies 
connection with this pump, regard to, not only the design, but also 
the testing pumps, might mentioned the following: 

1.—-For high efficiency, and consequently duty, the lower the 
velocity should be, low not only the pump, but the suction and 
discharge passages. 

2.—That, far the efficiency wheel concerned, there 
may allowed, within certain limits, some latitude the radii 
curvature the vanes and their angles with the inner and outer cir- 
cumferences the wheel; the result changes these elements being 
increase diminish the rate speed for the point maximum 
efficiency for wheel any given diameter. 

3.—That, for given rate discharge, the larger the wheel, the 
slower the velocities and the less the losses within the wheel. 

specifications concerning the testing pumps, should 
stated most clearly just what constitutes the working lift and just 
how should measured; that is, whether the head dynamic 


static, and between what points the suction discharge passages 
should measured. 
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5.—In order afford more uniform comparison between tests Mr. Horton. 


different pumping plants, better measure the lift between 
points the suction and discharge pump practicable. 

6.—As the curves efficiency and duty, with constant lift, and 
terms the rate discharge, are such that the maximum points are 
rate discharge much below the maximum capacity the 
pump, follows, that, order obtain high efficiencies and du- 
ties for specified rates delivery, there will necessarily spare 
capacity beyond these rates which may available relatively 
lower efficiency and duty. 

7.—It follows, from the previous paragraph, that drawing speci- 
fications, especially for sewage pumps, might more economical 
specify that the pump shall have certain capacity according 
the maximum work required, but that the required duty and efficiency 
shall for lower rate discharge. The pump will then not too 


large, and the higher efficiencies will realized for normal working 
conditions. 
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SOUTH AFRICAN IRRIGATION. 


pleased note that the attention this Society been called 
the agricultural point view irrigation, Mr. Johnson’s paper. 
far the writer’s information extends, paper before this Society, 


and hardly any engineering reports, dwell upon this the 
point view the farmer. 


Southern California farmers are dependent upon sunlight, 
irrigation, and bacteria for all their fruits. 


Considering these factors seriatim, the writer will first deal with 
sunlight. 


Quoting from Professor King’s book, The Soil,” which 
hoped familiar all, states: 


very essential that firmly grasp the important part which 
both direct and altered sunshine play plaut growth; for while have 
control over the amount which may come given field, can. 
and control the amount stored the soil, and also determine 
the number plants which shall stand upon the field and utilize the 
the sun against the cold ether space, that Lord Kelvin estimates 
153 000 for each square meter the sun’s surface, and the 
‘working capacity cubic mile sunshine, near the surface the 
earth, places nearly H.-P. Now, since the cubic miles sun- 
shine are arriving the rate 186 680 per second, each square foot 
the earth’s surface receives about one-seventh horse power.” 


Farmers are blessed with abundance sunlight Southern 
California. 


*This discussion (of the paper Francis Robert Johnson, Am. Soc. E., 
printed Proceedings for August, 1903, printed Proceedings order that the 
views expressed may brought betore all members the Society for further discussion. 


Communications this subject received prior November 27th, 1903, will 
printed subsequently. 
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rule, too much water used Southern California. All know that, 
the two evils, too much water worse than drowns the 
tree just effectually water would drownahuman being. Hellriegel 
places the amount water which should drain away from the soil, be- 
fore becomes habitable cultivated plants, high 50% 
their full capacity. 

Professor King, speaking the part played water, says: 

Finally, with the advent living forms upon our planet, water 
took still another very important work; for both plants and 
animals indispensible. Making the larger part their weight, 
the medium which the chemical transformation, the 
processes growth takes place, if, indeed does not play the part 
active and indispensible agent bringing these changes 
Then, too, water not only takes and holds liquid form those sub- 
stances the soil which may become the food plants, but 
medium transportation which all materials are moved from root 
leaf and from leaf back the various places where the processes 
growth are taking place. the physiological processes the animal 
body has similar and equally important role play; for here, 
becomes first solvent and then medium transportation 
which all food taken and the waste removed from the various 
organs the body. 

Finally, both plants and minerals water acts temperature 
regulator, tending its evaporation from the surface prevent the 
bodies becoming too warm, and among many animals this action 
very 

Water being expensive Southern California, for called worth 
000 per miner’s inch, $100 per miner’s inch per annum, the user 
prone take all can get. The can use beneficially 
unknown him. 


Farming becoming. day day, more science, and the num- 
ber bright minds now engaged solving its problems greater 
than ever before the history the world. 

From their investigations, the quantity water required for various 
crops now known. Professor King estimates the number tons 


water per ton dry matter needed Wisconsin for the following 
crops, as: 


Dent corn.... 309.8 tons. 522.4 tons. 
Flint corn.... Field peas... 


Hellriegel found, through experiments conducted Prussia, that 
the quantity water withdrawn the soil, and given the air, 


almost wholly through the plant, was follows, for each pound 
dry matter produced: 


310 Horse beans..... 282 
Summer wheat.. 338 Red clover...... 310 


the question irrigation, the writer the opinion that, Mr. Wright 
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This the rate 325 tons water for each ton dry matter 
produced. 

Proceeding the consideration bacteria, and quoting Professor 
King again: 

come now consider one the most important discoveries 
modern times, discovery which places the hands every 
farmer means, completely under his control, whereby can any 
time cause from the atmosphere, the free nitrogen 
the air, and have fixed the soil any field may wish 
enrich. 1888, Hellriegel published the results his experiments, 
which satisfactorily proved the work the soil done bacteria.” 

Professor Cohn, writing bacteria, but relation human life, 
stated: 

down below the limits the human vision, exists the world 
bacteria. minute are these beings, that only high powers 
the microscope reveal them, and they have been known couple 
centuries exist, before there was any suspicion their relation 
our health. Only the last thirty years have disclosed their bearing 
disease. Their beyond conception, and their 
powers reproduction are scarcely credible; great are the 
latter that many cases single individual may produce sixteen 
million offspring twenty-four hours.” 

To-day, thanks the researches that have been made, the impor- 
tant part taken all farming operations bacteria known. 
Given every other requirement, the farmer could grow crep with- 
out the friendly co-operation the minute bacteria. They enter into 
everything. due their action. While some bacteria 
can endure several thousand degrees heat, others can endure cold 
below freezing; but the greater number the bacteria decay are 
rendered inert from 212° Fahr. the article preserved 
heated the necessary temperature, and then sealed, pre- 


vent the entrance bacteria—ever present the air—the article will 


for years. This the foundation all canning and 
preserving methods. These decay are also rendered inert 
temperature approximating freezing, and this discovery has led 
the investment nearly $200 000 000 cold-storage plants the 
United States. The use this process has saved the sheep interests 
Australia from impending ruin, and the carcasses their sheep 
are this method transported Europe, and sold price that 
enables many the poor indulge the luxury meat which, 
otherwise, they could not taste. 

Captain Field, the United States Navy, the writer that 
steamer transports ninety thousand carcasses sheep one voyage! 
Figure the train capacity this represents! 

The flavor each variety cheese now known differ, one 
from the other, because bacteria. The varying flavor tobacco 
due tothe same cause; and the Government, introducing the bacteria 
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Cuba into the Connecticut River Valley duplicating the flavor Mr. Wright. 
the Cuban tobacco. 

one knew how much water the soil contained, could measure 
the rainfall, and knowing the amount needed for his crop, could 
put the proper quantity, instead present. 

Two years ago, the writer asked Professor Wiley, the Agricul- 
tural Department Washington, the electrical method 
moisture determination was applicable the arid region. replied 
that had not been tested the arid region, but, his judgment, 
was not applicable those conditions. Had been applicable, the 
writer would have used it, and thereby measuring the moisture the 
soil would have had better basis which estimate the quantity 
water needed. present, miner’s inch (12 960 galls. hours) 
used for acres citrus fruits. Most the fruit trees 
Southern California are planted ft. from center center each 
way—about one hundred and ten trees the acre. 

course, the field graded before any trees are planted. 
pointed out Professor the arid region really consists 

three farms, one top the other. The writer has seen excava- 
tion, ft. depth, with the same soil the bottom the sur- 
face. the grading for ranch Southern California, the hills are 
down fill the hollows. This condition entirely different 
from that the humid region. There, one encounters subsoil 
which nothing will grow until has been turned and exposed 

the effects wind, air for months. When 

root reaches the subsoil the humid region, its progress downward 

stopped—it must spread laterally. the arid region. 
this difference soil that permits the enormous crops grown 

California. claimed that Alfalfa roots have been traced more 

than 100 ft. Its enormous spread roots enables seek food, 
that 000 are frequently cut from acre within twelve months. 

The writer has known lemon trees produce, within twelve months, 

750 lbs. fruit, 250 Ibs. per acre. 

The irrigator prefers good head water, say ins. more, 
the stream small, and the soil all sandy, the trees where starts 
irrigating get more than their share, the water sinks into the 
before the lower end the field reached. 

Two systems irrigation are vogue. one system, three 
five furrows are plowed between each row trees, and the water 
turned into one furrow after the other until the field irrigated. 

the other system, ridges are thrown dividing the field into 
squares ft., and one square filled, and then another, until the 
field has been gone over. obvious that this system allows better 
control the water; but, the other hand, the water allowed 
stand these compartments, diseases will develop the tree. 


| 
4 
4 
= 
as 
| 
| 
:, 


Mr. Wright. 


914 DISCUSSION SOUTH AFRICAN IRRIGATION. 


the water placed upon the field may break away and run off; 
may lost circulating downward beyond reach root action, 
may lost surface evaporation from the ground itself. 
rule, only that water which passes through the plant which 
contributes materially its growth.” 


Recognizing this fact, customary cultivate the field just 
soon dry enough, for has been found that fine earth the 
surface retains moisture the soil the best practicable manner. 

must not forgotten that the soil must pervious the air 
otherwise, will grow. customary Southern California 
irrigate each three weeks during the dry season. 

When one considers that, with large crop, Southern California 
ships thirty thousand carloads oranges and lemons alone twelve 
months, which she pays the railroads nearly $10 000 freight, 
the importance this industry will realized; and the importance 
irrigation many localities not now served. 
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tion rapidly becoming matter grave public importance, and 
for high type intelligent supervision order toinsure good 
results. 

the younger States the Union, the population being sparse, 
the question stream pollution does not arise, but the population 
increases and manufacturing establishments begin develop, the pol- 
lution troubles begin show themselves, and endless complaints are 
duly filed, and end the Courts with suits for damages sustained. 

The oldest and most densely populated State the Union 
Massachusetts, and there the troubles regarding stream pollution are 
most pronounced. Hence, when troubles this nature arise 
younger State, one turns naturally the old Bay State for advice and 
counsel the future requirements which are likely enforced 
the Courts. 

The State Board Health Massachusetts has been and now 
spending large sums money quietly experimenting—on com- 
mendable scale—to find the true value the different methods 


discussion this subject, which formal paper was presented, con- 
tinued from the September, 1908, Proceedings. 
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Mr. Conte. 


sewage purification. These results are published their annual re- 
ports, which really constitute some the very best information avail- 
able the subject. 

general way, may said that when natural stream be- 
comes highly polluted low stages, become intolerable 
public nuisance, then some palliative action must taken remedy 
the evil. Hundreds devices have been tried, but with indifferent 
success. Probably the most practical methods are: 

First.—By percolation through porous soils, sand—being, 
short, broad irrigation—the purified filtrate passing into the stream. 


This method, necessarily, calls for large tract land suitable 


character, which seldom available. 

Second.—By preliminary treatment, such settling, septic action, 
chemical precipitation and filtration through coarse material, order 
reduce the quantity suspended matter well the dissolved 
organic matter, both being preparatory final treatment, either 
dilution intermittent filtration through porous soils. this 
last method, the acreage required very much reduced. 

After the sewage has passed through tanks providing subsidence 
and septic action, may turned into the stream, always bearing 
mind that the sewage from one thousand people may safely diluted 
river flow 4.0 cu. ft. per second. Such disposal will quite 
inoffensive when discharged the middle the stream. The re- 
mainder the sewage, over and above this amount, must the 
intermittent filter beds, the purified filtrate from which may also 
discharged into the river almost anywhere. this done properly, 
and the details are attended faithfully, the results will highly 
satisfactory. 

cases where suitable land not available, may become neces- 
sary construct the entire filter beds artificially, which will add very 
materially the first cost and the maintenance. 

course, each particular case calls for special study itself, 
order get the best results with the least expense. This, after all, 
the main result attained, and, order reasonably sure 
obtaining it, competent expert should engaged study the case. 
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the Treatment the Mississippi River, the Levee Theory 
Justified Experience?” 


hardly answered are consider the experience the Missis- 
sippi alone, because the works are not yet complete extent, 
height section but are liberty investigate the effects such 
works other countries, and draw conclusions from their experience 
more than twenty centuries, because levees are among the most 
ancient works which have been executed watercourses, having been 
constructed the Egyptians, Babylonians, Romans and 
East Indian nations along the Euphrates, Tiber, Po, Arno, Chiana, 
Adige, Reno, and other streams. 

The question how best remedy the evils incident the suc- 
ceeding inundations fertile valleys was discussed some the 
greatest philosophers the past, among whom were Galileo, 
Torricelli and Zendrini, and this discussion resulted the establish- 
ment general levee system. Later came similar systems along the 
Rhine, Oder, Elbe, Theiss, Vaert, Thames, Mersey, Loire, Vistula, 
Mississippi, and other rivers importance. the ancient discus- 


Mr. Thomas. 


The discussion this subject, which formal paper was presented, con- 
tinued from the August, 1903, Proceedings. 
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Mr. Thomas. sions, three methods coring for the excess flow were considered. 
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These were: 

give the promptest discharge possible, pass the waters 
fast they arrive. 

retain the flood waters, prolong the duration the 
flood, but reduce its intensity. 

allow the flood sufficient space, but which 
the discharge will effected according its laws, and outside 
which the soil (sheltered levees) will not subject 
inundation. 

The first the clearing process; the second the storage reservoir, 

and the third the levee system. 

Clearing.—Clearing consists the removal all obstructions, and 
straightening and widening the river bed. does not constitute 
remedy, far affects the principal stream, but, applied 
the side streams the lower part valley, enables them 
discharge their waters more quickly, that, theoretically, the lower 
tributaries will have been emptied before the flood arrives from above. 
However, this result not always accomplished, because the tribu- 
taries will not always rise the time desired, and because, the sea 
approached, the slope diminished and the velocity becomes less, 
that the bed not capable discharging the increased flow precip- 
itated upon it, and overflow bound result the lower part the 
valley, usually the most fertile and thickly populated. Where this 
method has been adopted, the conclusion has been reached that: 


may palliation the evil over some special points 
obstacles raising the flood, but not remedy for inundations gen- 
eral, and that, sufficiently generalized, tends aggravate rather 
than lessen the effects floods.” 

Storage.—Directly opposite the foregoing are the results aimed 
the method storing flood waters and allowing them escape 


gradually the flood subsides, even holding them assist naviga- 


tion during low water. 

striking example the effect reservoirs floods given 
Lombardini. The maximum discharge the Adda, the flood 
September, 1829, its entrance Lake Como, was 501 cu. ft. per 
second, while its exit was only 389 cu. ft. passing through 
the lake the maximum flood was diminished the ratio 2.4 
This suggests the creation artificial reservoirs which hold the 
waters during flood times, and this seductive idea has taken strong 
hold many engineers ability, only dropped 
eration when its utter impossibility, within reasonable cost, became 
apparent. Leaving the cost establishment out the question, the 
cost removing deposits which accumulate constantly, the danger 
disaster from breaking when full, danger far greater than can 
expected from extraordinary floods, and the fact reservoirs 
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will not always empty the opportune moment, ready catch Mr. Thomas. 


the waters they come, must render their adoption unwise and inex- 
pedient, unless other questions great importance are involved; for 
instance, there are groups interests justifying the establishment 
large storage, might well increase the capacity for the pur- 
pose preventing serious overflow. 

The writer believes that only necessary study thoroughly 
the reservoir question, applicable the Mississippi problem, 
convince anyone that impracticable, even impossible. 

Levees.—If one will observe overflowed valley will find that 
over the greater part its transverse profile much larger area 
being covered than required for the river’s discharge, and that the 
water quiet for great distance either side the main river 
bed. will once conceive the idea confining the water the 
space necessary for its flow and sheltering the. adjacent lands from 
inundation, and the many disasters and inconveniences caused thereby. 
The embankments which this effected have received the name 
levees. Their use dates from all antiquity, and has made possible the 
building rich kingdoms districts which, otherwise, would 
have been uninhabitable. 

example importance, that the Po, has assured the 
protection vast and rich territory century after century, and still 
monument tothe skill, perseverance and foresight Italian 
engineers, men who dared act the face strenuous opposition 
and fierce calumny. These embankments follow not only the main 
stream, but turn each side the affluents points where overflows 
will not reach, that: 


The vast submersible plain the Pois guarded immense 
network dikes enveloping each stream and defining for all, without 
exception. bed which concentrated the escape the floods 
the 


These levees have been spaced and near the mouths tribu- 
taries importance that the major bed forms sort reservoir 
which stored not only the floods but still, and disappear with 
time, the deposits carried the affluents.” this way the major 
bed the main stream and its affluents their lower part serves 
regulator for floods, descending from the mountains, which are led 
out the sea contracted outlet that tempers the velocity and 
the disastrous effects bringing about the raising the flood above 
the Lombardini has stated, and has been confirmed the 
report Baumgarten, thut this equilibrium has been happily estab- 
lished, that the discharge virtually the Tessin, Cremona, 
Ferrara, and that, while the combined discharge all the 
affluents amounts cu. ft. per second, the discharge the 
during the same period only 176 000 cu. ft. per second. This 
certainly remarkable result, and doubtless much must attrib- 
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Mr. Thomas. uted tothe factthat the tributaries not discharge flood waters simul- 
taneously and that the lakes retard the flow marked extent. 

The volume water stored between the levees the and tribu- 
taries, from Casale the sea, given 896 000 000 cu. m., quan- 
tity corresponding more than four days’ discharge the river the 
rate above given. Thus there has been created artificial reservoir, 
the effect which the same upon the that the lakes upon 
some its tributaries, and this fact lies the secret their great 
success. There are, however, very serious drawbacks levees 
means for preventing inundation, and Belgrand has stated that: 


plain that even country where levees have existed for 
twenty centuries, where property has been exposed all the conse- 
quences—the valley the Po—it has not been clearly demonstrated 
that the advantages are greater than the 


The chief objections levees are: (1) that they raise flood heights; 
(2) that they break too easily and often; (3) that they cost too much; 
(4) that they cause the river bed rise because they not permit 
the escape sediment over the banks. 

Levees undoubtedly raise flood levels. Here are the proofs: 
Some thirty years ago Chief Engineer Dausse made the statement that 
the level the highest water the had increased about 
two centuries, and that while there were only forty-one breaks levees 
the 18th century there were one hundred and nineteen the first 
seventy-two years the 19th, 1872 alone having thirty-six. 

the Theiss, Szégédin, the following heights have been 
observed since the levees were built: 


the Loire, the coping was originally placed ft. above low 
water. After the 1706 was raised ft., and 1846 
ft. Even that height, the floods 1856 and 1866 went over 
many places, involving most disastrous consequences. 

the Mississippi, the record Carrollton, follows: 


The completion the system will undoubtedly the signal for 
higher levels, and the struggle hold the water within bounds 
will continue indefinitely. will not always possible prevent 


1855 
1888 
1851 
1897 
1903 
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overflow, but, the main, intelligent effort will meet with success, Mr. Thomas. 


and, while there will always feeling insecurity, yet the condi- 
tions will improve with time. levee not perfect barrier against 
inundation, but without doubt the best that can obtained 
reasonable cost. 

The second objection noted, namely that levees are unsafe 
reason the ease with which crevasses may made, based con- 
ditions which can only eliminated care construction and 
maintenance present, and increase height the future, 
found advisable. 

Levees fail, generally, from insufficient height; sometimes from 
leakage, sloughing, wave wash, malicious cutting; but, rule, 
because they have been overtopped the water. 

The objection cost has reasonable foundation fact, because 
the levees this country are less expensive far than those abroad 
have been, and their final completion and placing good order does 
not mean the expenditure great amount money, when all the 
benefits derived from good and safe system are considered. 
There other means which overflowed lands can reclaimed 
such small expense, and the writer glad see that there 
general realization the importance the work, and tendency 
more liberal allotments for carrying properly. 

The charge that the building levees along river will cause its 
bed rise contrary experience and the laws governing the 
flow water, because the very fact that the water confined 
limited space assurance that its velocity will increased and its 
transporting power the greater. course, will have more work 
do, because the silt must remain between the levees, but experience 
proves that the work will done. 

has been said and written regard carrying off 
the excess floods through artificial outlets, but those who have 
given the subject most thought and those who are responsible for the 
execution the projects have long since concluded that the method 
not for the Mississippi because there are advantage- 
ous sites, even the theory correct, which open question. 
The writer has not noticed this feature discussed connection with 
the establishment foreign systems, that thinks probable 
that the conditions there are not favorable its use. The principal 
advantages and disadvantages this method have already been given 
this discussion (pages 726-730*), and nothing further will added 
here. 

Conclusion.—In 1877 the writer made journey Louisiana where 
spent several months the examination abandoned plantations 
and timber lands which had been bought, bankrupt sale after the 
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Civil War, gentleman the North. The principal part the 
travel was done horseback, between the Ouachita and Mississippi. 
that time the United States had not undertaken assist the con- 
struction the levees, and those built the State were generally 
bad repair and little benefit. 

The writer was daily brought close contact with the suffering, 
struggling planters, eking out mere existence little patches here 
and there, while all about them were vast acres rich, alluvial land 
devastated the water. They lived constant dread overflow 
which might ruin even these meager prospects. There was not 
blade grass bearing fruit tree for miles. Here and there, mounds 
were thrown up, upon which the cattle had stand and fight the flies 
for days and weeks, without vegetation, except that which was boated 
them. 

Buildings had ‘‘run down” had been destroyed the war 
few years before. Taxes had them under the reconstruc- 
tion government. Their case was indeed pitiable the extreme and 
apparently hopeless. The writer made one journey more than 
twenty miles among plantations, some which had one time been 
the pride the South, without seeing single human face; even the 
negro, the ever-present, ever-faithful aid the southern planter, had 
disappeared from the face the earth. met drove hogs 
swimming toward dry land, one which, the leader, had almost cut 
his own throat striking with his feet paddled himself 
safety. 

How changed all this now! Behind hundreds miles levees 
these people plow and plant, sow and reap, pick cotton, gather fruit, 
and care for herds fine cattle, all unmindful the mighty Missis- 
sippi outside. Then they had few neighbors, schools churches; 
now these side. The children school foot drive 
along good roads, the banquette crown the levee. All 
peace, plenty and happiness where quarter century ago, less, 
was despair, almost starvation. proof were necessary, the changed 
conditions the people during this period should lasting and 
sufficient argument favor levee system and early comple- 
tion and permanent preservation the General Government; and the 
writer hopes that the good and intelligent people this country will 
see that public opinion not led off after strange gods, because 
few well-meaning but poorly informed persons are clamoring for 
something else, their only excuse being that levees not always and 
everywhere prevent inundation. Let people hold the hands 

those pioneer engineers, who, although seriously hampered, are 
working zealously and intelligently for the general good. 

The levee system not perfect. never will complete 
would desire, but far and away ahead anything else proposed 
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its opponents, or, within reason, possible, and has been well ad- Mr. Thomas. 


vanced toward completion. would the greatest folly abandon 
work well started, even use auxiliary untried system, 
proposed some. The thing done, the writer sees it, 
proceed rapidly practicable upon the lines laid down, making 
such modifications the experience gained thus far seems indicate 
advisable, and when the system planned has been completed, 
maintain it, strengthen it, increase its height, need be, extend 
where will advantageous, correct its early errors location 
those parts rendered dangerous the encroachment the river, and 
every way make perfect barrier against flood water, the end that 
those who are benefited shall realize soon practicable and 
thus encouraged build and improve the rich territory pro- 
tected, and thus recover much that has been lost weary years 
patient waiting, uncertainty and deprivation. 


Henry Am. Soc. (by letter).—The form mr. 


which the question under discussion stated seems imply some 
disagreement inconsistency between theory and the results prac- 
tice the matter levee building the Mississippi River. 
there such thing for the Mississippi, has 
been deduced from the practice and experience four five genera- 
tions the inhabitants its alluvial valley who have been constantly 
engaged levee building, reclaiming the wilderness from savagery 
and preparing for cultivation and civilization. The answer the 
question, left these people who have had this actual and imme- 
diate experience the treatment the Mississippi River” would 

The aim and purpose levee building, everywhere, the control 
floods; either prevent destructive overflow, fix and pre- 
serve the channels through which the water flows normal stages. 

Theory and practice alike agree that the most direct method for 
confining the waters times flood the path their ordinary 
flow raise the banks the watercourses higher level, that is, 
build levees along streams which are subject flood and 

plan which supposed contemplate carrying this obvious 
method the limit completely confining all flood waters the 
stream which they naturally gather presumably what meant 
Levee while plan which proposes the regulation 
the volume discharge impounding the surplus waters before 
after they are concentrated single stream, which proposes the 
diversion flood waters excess certain stage, volume> 
through auxiliary channels waste weirs, may another theory.” 
The levee plan, however, far has gone, has already been the 
subject long experience; while the impounding reservoir plan, 
and the diversion outlet plan, are still the theoretical stage 
regards the treatment the Mississippi River. 
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The undertaking works, especially great public works, cannot 
justified, their plan involves violation natural laws, nor 
their cost will greatly exceed the value the benefits expected from 
them; nor, even, the benefits one direction are too largely offset 
damages another. man, for instance, can justly expect, 
any combination cranks and levers realized vision wheels, 
lift himself over the moon his boot straps, nor justify investment 
the stock factory extract sunbeams from cucumbers; nor 
prove the economy cutting off his feet save shoe leather. 

But the control floods the Mississippi, now practiced 
means levees, has been objected attempt interfere with 
Nature’s laws. Poets and prophets are cited the disasters that 
must follow the prevention and the necessity for irriga- 
tion Egypt instanced reason for condemning the application 

certain that state nature all the alluvial valley was 
subject frequent overflow, and that while thus laid under water 
was unfit for the habitation man, for agriculture, for most the 
occupations and arts civilized life. But why should more 
heinous crime against Nature—even the eyes the prophets—to re- 
claim the wilderness for the uses man preventing inundation, 
than make the desert fruitful for him artificial storage and dis- 
tribution surplus waters, not apparent the uninspired mind. 
Both these great undertakings are attempts modify the course 
Nature would proceed without the interference man, and have 
been carried one place another from time immemorial with 
great success and benefit. 

The fact that the fertility and prosperity Egypt depend upon 
irrigation from the Nile has little application the con- 
dition the alluvial basins the Mississippi. The valley the Nile 
below the cataracts generally arid, and swept the dry, hot 
winds the adjacent deserts. almost unknown, 
and the delta north Cairo rare and scanty. alluvion 
the Mississippi, the contrary, bordered amply watered and 
timbered territory, and receives copious and well-distributed rain- 
fall. Although irrigation often beneficial, and always necessary for 
the cultivation rice, readily obtained gravitation during the 
high-water season, and pumping other times. But agriculture, 
here, suffers more frequently from the ground being too wet than from 
being too dry. protection from are the greatest 
needs for the successful cultivation the soil. 

The contention that the bed the Mississippi filling with 
sedimentary deposits, and thus becoming less efficient channel for 
the discharge its flood waters, and for the navigation, 
not borne out the experience navigators, nor the results 
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the innumerable direct measurements that have been made the sur- Mr. Richard- 
son, 


veys the river. Those parts the stream where levees have been 
longest and most effectively maintained, have the best and most 
channels. were true that the bed the river silting 
up, would still remain shown and explained how and why the 
levees have had anything with it, except preventive. 

said that its natural condition the flood waters overflowing 
the river banks deposited their silt the adjacent lands, greatly 
their enrichment and improvement, which true enough; but the 
inference that the silt thus deposited the land would have been 
thrown down the bed the river had the waters not been 
permitted escape, not even plausible. From what natural law 
can follow that sediment-bearing water with volume 
of, say, 1000 000 cu. ft. per second should fail deposit silt its 
channel, but that when increased volume 50%, more, must 
once begin drop its burden all along the road? the stream 
were ass, one might comprehend it; but, river, 
seems not contrary natural laws that the larger the volume—other 
things being the same—the more silt will able carry. The ex- 
perience anyone familiar with the Lower Mississippi River should 
show that when flood generally carries its heaviest load 
silt per unit volume. When the discharge greatest, the water 
always muddy, and when least, the lower river usually com- 
paratively clear. 

But will the cost levee system the Mississippi bea profitable 
financial investment? the game not worth the candle, has 
economic justification. The area the alluvial valley subject over- 
flow south Cape Girardeau reckoned 790 sq. miles, or, say, 
more than 000 000 acres. Making the very moderate assumption that 
only one-half this area will made yield agricultural products, 
when protected from overflow, the value only per acre per 
annum, excess what would have yielded without such protec- 
tion, there would gained yearly revenue sufficient pay 
interest, plus for maintenance, investment of, say, 
$175 000 000; which nearly ten times the estimated amount now 
required complete the levee system. Considering that the land 
practically worthless source agricultural profit when not pro- 
tected overflow, and that when protected ranks among the 
richest and most fertile the world, there can question 
the profitable results that must follow its protection. 

The man who lives and carries his business the low lands 
behind levee subject kind danger which does not threaten 
those who live the hills, and ‘‘they that down the sea 
incur perils impossible the man who keeps ashore. But 
ship building, and ocean travel and will not cease because 
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Mr. few vessels are foundered wrecked, nor will levee building 
son. 


abandoned because occasional crevasses and overflows; for ship 
building and levee building appear equally justified 
experience. 

The dual multiple channel theory treating the Mississippi 
River, which proposes divide into two more parallel streams, 
would increase immensely the length and quantity levee construc- 
tion necessary prevent overflow, because the diverted streams must 
flow channels bordered very much lower land than that near the 
banks the main river. Moreover, the present drainage channels 
are occupied the diverted flood waters, other channels must 
made drain away the seepage and rain water. The cost sucha 
system, even were possible application, would apparently 
prohibit it. The experience with even such leveed outlets exist, 
have existed, although their natural banks are high, has been that 
larger and larger levees have been required prevent their overflow; 
that Bayou Plaquemines was closed forty years ago, and most prac- 
tical observers are now convinced that the enormous outlay required 
keep levees Bayou Lafourche would better have been ex- 
pended the levees the Mississippi, and that this bayou also should 
closed, that the levee funds now required there may made 
available for work the levees the main river. 

The deficiencies and imperfections unfinished structure 
not justify condemnation the theory upon which designed. 
The levee system the Mississippi still far from completion, and, 
like other works progress, must suffer its share reverses and ac- 
cidents, and, for the time being, fail supply the full measure 
benefit expected from it. 

There are doubtless many defects the existing levee systems, 
some them hidden unknown, and others plainly evident; but 
not unreasonable expect that, the process time, the con- 
cealed faults and dangers may manifest themselves, and eliminated 
the work improvement grade, section and location progresses. 

say that river bre&ching its ramparts with each 
successive flood enters its solemn and devastating protest against in- 
terference with the designs Nature,” figure speech quite 
applicable the locomotive construction train that jumps the 
rails unfinished railway, and should equally convincing 
either case. 

Some faulty location may possibly arise from 
imperfect knowledge the situation. Fig. which shows the align- 
ment levees for miles above Vicksburg, may give erroneous 
ideas one not familiar with the actual topography. The succession 
lakes and gorges that might inferred from the figure does not 
exist fact, far the channel the river concerned. The ex- 
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cessively wide places between levees are, almost every case, covered Mr. Richard- 
with trees and underbrush, and frequently have levees—not shown 
the figure—that prevent flow except along the course bounded the 
natural banks the river. The places where levees either side are 
close together are not gorges the sense confining the current 
materially narrower limits than occupies the wider places. The 
path the principal current, both high and low stages, lies within 
the tract shown water lines the figure. examination the 
ground would probably indicate anyone that the setting back 
levees the so-called gorges would make little difference the 
capacity the channel for carrying discharging its flood waters. 

Whether not experience with tubes mm. diameter—or even 
with those such large diameter mm.—can justify theory for 
the treatment stream like the Mississippi River may question- 
able; but itis question which, perhaps, may best left for future 
discussion the Society. 


Harrop, Past-President, Am. Soc. (by letter).—The mr. Harrod. 
national character and importance the great work which the 
subject this discussion merits interest and understanding the 
part civil engineers which has not generally received, but 
which, hoped, the present discussion will contribute. closing, 
attention must given the discussions taking critical attitude 
toward the adopted plan, well the general features the river, 
and the project for its improvement. 

Mr. Brown’s discussion wide range. covers the physical 
history the alluvial valley, the intentions Nature for its further 
development, the way which these have been thwarted man, the 
present condition the valley and river, and plan for future im- 
provement which the forces Nature and the skill man will 
combine and co-operate. 

The views concerning the past and intended future history the 
valley have the quality originality. Their general discussion may 
left the geologist and physical geographer, but reference one 
two points opportune here. 

Mr. Brown has observed: 

the river hugs the high country the east side the 
alluvial embayment throughout its whole length, from the mouth 
the Ohio near New Orleans, excepting between Memphis and Vicks- 
burg, and that the tendency the river throughout hug 
parallel this higher older territory the east.” 

the exception mentioned, from Memphis Vicksburg, where 
the river not under near the eastern bluffs, but wanders across 
the alluvial plains, 45% the length under consideration, 370 
not very well defined. But this higher eastern formation extends 
the Gulf, and the river, following it, would find shorter 
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route the sea through Lakes Maurepas and Pontchartrain, ap- 
pears that, notwithstanding this tendency, the river leaves the eastern 
and northern limit the valley for 620 miles out 080, 
its length from Cairo the Gulf. 

reasons assigns for this alleged phenomenon are: That the 
tributaries entering the main trunk from the east have velocity and 
abrading force for cutting their channel through the alluvium superior 
that exerted those from the west, due the greater age, height 
and abruptness the eastern hills; that the action these eastern 
tributaries abrade more rapidly the banks that side, and, gen- 
erally, that the western bank has been subjected less abrasion and 
wear from its tributaries. 

this must answered that exact measurements have shown 
that erosion now greater the western than the eastern bank; 
that the superior energy the tributaries from the east not, any 
way, apparent; that observations have ever connected the entrance 
tributaries and the recession the banks the side from which 
they enter, cause and effect, and that, such connection does exist, 
the result would movement the main trunk toward the west, 
instead the east, since all the important tributaries below Cairo, with 
single exception, enter the main river from the west, with volume, 
energy and duration flood stage many times greater than that 
those from the east. The drainage area the west extends the 
Rockies, while the divide the east runs through Kentucky, Tennes- 
see and Mississippi, States bordering the Mississippi River. 

The reasons are not apparent why the Lower Mississippi alone, 
the rivers North America, should charged with breaking Ferrel’s 
law that: 

body moves any direction the earth’s surface, there 


deflecting force arising from the earth’s rotation which deflects 


the right the northern hemisphere, and the left the southern 
hemisphere.” 


Russell says: 
slight tendency throughout the every stream 


North America, and all times, erode its right bank more rap- 
idly than the left bank.” 


illustrates this the streams the south side Long Island. 


the little valleys bordered the west right side 
bluff, while its gentle slope the left side merges imperceptibly 
with the general plain. The streams, each case, follow closely the 
bluff the 


the case the Mississippi, Gilbert states that the tendency 
toward the right bank nearly greater than toward the left bank, 
and measurements caving banks, made the Mississippi River 
Commission, confirm this observation. However this may be, the 
effect must slight, and its cause cosmic and uncontrollable, 
that cannot enter, important factor, into plan for the im- 
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provement the river. 


local and minor bends, and its grand sweeps from side side 
the valley, accounted for simply and satisfactorily the fact that 
the length the plain too short for the river. If, any time, 
for any reason, the course the stream was directly from Cairo 
the Gulf, only about 560 miles long, the slope and velocity could 
not maintained, would immediately set work, alluvial 
streams always do, establish meanders, thus increasing its length 
and reducing its slope and velocity some sort adjustment with 
the resisting quality the material through which flows. 

The limit this discussion forbids the presentation plan for 
the reclamation the alluvial valley extensive that Mr. 
Brown, except its general outlines, and these alone can now 
considered. 

provides for artificial ‘‘secondary stream,” between 
parallel levees, near the hills, and enclosing the lowest lands each 
the great basins. This have capacity about 
600 000 cu. ft., flood volume assumed 500 000 cu. ft. 
per second. take its source supply through the right bank 
the first western bend the Mississippi, above Cairo, and, after 
cutting through several high ridges, and then following the lowest 
lands the St. Francis Basin, discharge again into the main 
river, through the present mouth the St. Francis River, above 
Helena, about 315 miles below its source. There will then dis- 
charge the Mississippi, flood stages, the point outflow and 
return flow, 1500000 cu. ft., and intermediate points, 
900 000 cu. ft. per second. The secondary stream 
the opposite, left eastern side, presumably Yazoo Pass, and, 
after following along the lowest lands the Yazoo Basin, redischarge 
into the Mississippi about 280 miles below, through the mouth the 
Yazoo River, above Vicksburg, with differences discharge similar 
those the first section. The third section begins again the west 
side the river, and, starting nearly opposite Vicksburg, join 
Red River and then seek outfall the Gulf along undescribed 
route. 

either side these sections the ‘‘secondary stream” are 
built cross-levees, forming reservoirs control the discharge; and 
waste weirs, proper proportions, such points may 
found distribute sediment and thus raise the low 
lands the interest agriculture and sanitation. 

this proposed plan for the improvement the valley and river, 
means asecondary stream, and other supplementary, but exten- 
sive works, three sections, divided the main river, exam- 
ination the first, the St. Francis Basin from Dogtooth Bend 
Helena, will suffice, the two other sections present substantially 
similar features and equal difficulties and costs. 


The indirectness its course, both the Harrod. 
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Connected its intake and outlet with the Mississippi, and having 
course nearly the same length the Mississippi from the Ohio 
the St. Francis, the flood surface start and finish, and interme- 
diate points, both streams, main and secondary, the same lati- 
tude, proportionate distances from the source, will have the 
same elevation. What these elevations would ultimately the 
main channel the flood discharge never exceeded 900 000 cu. ft. per 
second need not discussed here. Possibly Mr. Brown assumes 
that they will always the same are now reached rising river 
when the discharge acquires that volume, and that this condition will 
permanent. But notwithstanding the violent contradiction the 
accepted theory sedimentary alluvial rivers involved the 
assumption that, the flood discharge reduced 40%, the channel 
capacity will remain undiminished indefinitely, may now pass un- 
challenged, for argument’s sake. 

flood discharge 900 000 cu. ft., rising river, when passing 
through the section under consideration, reaches average bank-full 
stage, and, were not for the levees, would overflowing many 
places large quantities. Trans-alluvial levels show that the in- 
terior the basin which the proposed plan indicates the location 
the levees, artificial banks the new stream, the elevation 
the low lands averages about below bank height, the stage 
the main river when the discharge 900000 cu. ft. per second. 
Allowing ft. free height above this elevation for safe construc- 
tion grade, found that the new levees the secondary stream 
would require height about and that the levees now exist- 
ing the main river would require additional grade. 

The double line levees that part the secondary stream 
the St. Francis Basin, therefore, would have length not less than 
400 miles, average height ft., and contents 124 000 cu. 
yds. This more than two-thirds the contents the entire levee 
system, now exists both banks the river below Cairo; more 
than estimated necessary for its safe completion; and about ten 
times much will required for the completion the levee 
system the St. Francis Basin, which consideration present 
confined. Yet, arriving this estimate one section out three 
the writer’s plan, admission accepted which hydraulic en- 
gineers will generally reject, and allowance included for cross- 
levees, forming reservoirs, ‘‘suitable waste weirs such points 
may found necessary,” and for the installation and operation 
pumping machinery which will required when the natural drainage 
destroyed. 

The natural drainage systems the great basins lying either 
side the river meanders across the valley are well developed, 
and serve satisfactorily the area now under cultivation, except the 
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lower region Louisiana, where rice and sugar cane are benefited Mr. Harrod. 


irrigation and artificial drainage. They, however, are susceptible 
great improvement such ditching and the removal obstructions 
from natural watercourses can here, and elsewhere, readily 
accomplished corporate, not individual, effort. Such progress 
now being made many localities. this way, not only can the 
cultivable area very extended, but the production each 
unit can materially increased. minor drains are tributary 
main trunk, which, following levels between the high 
banks the river and the hills, gradually assumes the dimensions 
river and finally debouches into the Mississippi, the St. Francis 
and the Yazoo. 

part the plan proposed Mr. Brown, build embank- 
ments both sides this main collecting and discharging conduit 
thus cutting off all tributary drainage from its natural outfall, and 
making necessary lift over these embankments, pumps, the 
run-off rainfall over 000 000 acres. the considera- 
tion this plan, the following quotation made from Mr. Brown’s 
discussion: 

the necessary funds construct and maintain these very large and 
expensive levee lines” (that is, such are now two-thirds com- 
pleted the river bank); but times adversity; which every 
country may expect experience, and funds are lacking maintain 
them properly, what will become this great levee system, which 
requires constant watching, guarding and the annual expenditure 
large sums money? And the levee system, when constructed, 


rich alluvial 


Works affecting such enormous values, the works protec- 
tion against inundation the floods the Mississippi, must, neces- 
sity, worthy adoption, such will not confiscate the 
country their construction; and also such will serve reasonably 


well the purpose for which they were constr ucted, were they, from expe- 
diency, forced neglected for time.’ 


The discussion Mr. Haupt presents definite plan alter- 
native for the completion the levee system, but critical its 
attitude, and urges the co-operation levees, reservoirs and outlets. 

The advocates outlets are careful state that they not mean 
mere gaps the levees, through which the superabundant flood water 
may escape, but scientific openings controlled and regulated 
discharge just water enough. They fail, however, note that what- 
ever the character the outlet, the volume discharged, must 
confined and conducted the sea, however distant that may be, and 
not permitted spread over adjacent territory. This can only 
done more levees, with the additional danger (which proportion- 


ate the length line) and cost construction, guarding and main- 
tenance. 
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The alluvial river divided many islands. These appear, dis- 
appear, and change form and position. permanent adjustment 
between the discharge capacity the main channel and the island 
chute seldom, ever, reached. One constantly enlarging the 
expense the other. Many islands have joined the nearest shore 
the filling their chutes, while others have crossed the river, which 
has opened the chutes, scour, sufficient dimensions accommo- 
date the main discharge. The law under which these changes take 
place will equally active outlets. They will either enlarge 
uncontrollable dimensions, silt and require frequent dredging 
preserve their efficiency. Mr. Haupt quotes description the 
ideal channel existing through the 310 miles from Red River down 
the Passes, and inferentially assigns this excellent condition the 
presence outlets. With intention claiming this entirely the 
result levees, but recognizing more remote hydraulic agencies, 
should stated that but one insignificant outlet exists, has existed 
for years, from Red River the lower end the levee system, 
about 275 miles, and within short distance the head the 
Passes; that this now closed with dam and lock because the 
completion and maintenance the sub-levee system, which its dis- 
charge confined and conducted the sea, much more costly and 
difficult than the necessary enlargement the river levees; and that 
along this reach the Mississippi the levees have been built longer 
and maintained better than any other part the river. The 
sistency this section, attributed Mr. Haupt outlets, 
really due the proximity the outfall, where slope ceases. 

With the claim that the opinion that outlets must 
occasion deposits the channel falls the ground after the careful 
investigations the sections certain crevasses, and extensive 
series measurements made with especial reference testing this 
assumption, must observed that, have any bearing the 
question, such investigations and must consist: First, 
sufficient number cross-sections cover some miles river 
below the site where crevasse occur, and the repetition these 
sections after the crevasse has broken and run for sufficient time; or, 
second, similar series cross-sectioning below crevasse which 
has run time cause deposit, and its repetition after 
closure and the passage flood sufficient violence remove any 
deposit which may have occurred. 

such examinations have been made, except the Mississippi 
River Commission. recorded the physics and hydraulics 
the Mississippi River that certain cross-sections were sounded below 
two crevasses 1849, and that these soundings were repeated sub- 
sequent years, but the details the work are not given, and not 
even stated whether, when the later soundings were made, the crevasses 
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had been closed, and sufficient flood had passed show the com- Harrod. 


parative effect the channel overflowing and confined dis- 
charge. Without this information, such observations are little 
value. the other hand, the Mississippi River Commission has 
made surveys Bonnet Carre, Morganza, three the crevasses 
1882, and has continued the comparative surveys the United States 
Coast and Geodetic Survey atand below Cubits Gap. All these exam- 
inations indicate clearly the reduction channel capacity the 
result the several outlets, its enlargement, subsequent the 
closure. Similar studies are now being made connection with the 
crevasses 1903. 

Tables Nos. and giving the comparison between certain ele- 
ments the river, width, area, and mean and maximum depths, 
1881, 1882 and 1883, and 1894, 1895 and 1896, were presented 
the writer’s opening discussion showing tendency toward greater 
uniformity depths and increase the discharge capacity the 
channel the thirteen years between these comparative surveys, dur- 
ing which period levee construction had been active. was 
that 


limit the value the results obtainable even 
this exhaustive process, comparison between the two surveys 
would conclusive proportion the similarity the stage condi- 


tions preceding them and prevailing while the parties were the 


falling low stage would have tendency scalp channel 
the bars and fill the pools, while rising high stage would have 
the opposite effect. The enlargement width and area medium 
and bank-full stages permanent result when compared with the 
elevation and depression the crests bars, which vary from year 
year from obscurer complicated causes. Crossings which are trouble- 
some navigators some years disappear following seasons 
obstructions, replaced others. 

the same part the other evidence was submitted 
against the assumption any general elevation the bed the 
river. Nevertheless, these tables have been cited Mr. Haupt 
containing proof such movement. But both the uncertainty 
the argument the tables when applied the bed the river and 
Mr. Haupt’s deductions from them are shown the fact that the 
low water 1895—the year when the later surveys were made— 
reached lower stage every gauge station the Mississippi, with 
one exception, from Cairo Red River, than had ever been reached 
before differences ranging from 0.35 and averaging 1.1 ft. 
This statement confined Red River lower limit, because, 
with the great depth, and absence bars from there down, the low- 
water flow line function the volume and friction the bed, 
while above Red River the surface controlled the elevation the 
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bars and crossings, and represents the changes they may undergo- 
ing. This condition low stage 1895 appears have been the 
result the depression the bed, rather than the small discharge, 
since one the tributaries, excepting the Wabash, and the Ohio 
below Louisville, were the lowest stages reached during that year. 

Mr. Haupt’s criticism the present alignment the levees well 
taken, and will not objected the engineers responsible for it, 
although the application the past practice levee building, 
rather than the theory the confinement floods single 
channel levees. The illustration, however, unfortunately 
chosen, the widening about Mile 400 the necessary gap between 
the lower end the White River and the head the Tensas Basin, 
through which the Arkansas and White Rivers discharge, and the 
levee causing the gorge miles below has been abandoned for several 
years and retired two three miles. 

The present irregular alignment only phase ‘‘the evolution 
levees,” and the result the paramount importance, the past, 
for both theoretical and economic reasons, establishing and main- 
taining the continuity the line. When gap occurred, the only 
practicable thing, with the means hand, was build the shortest 
possible loop around it. When narrow and projecting point was 
reached, the levee was run across it. These imperfections align- 
ment have long been realized and accepted only necessity. 
with levees with railroads. The first thing get there—to 
open the country. When the financial development allows more 
than the maintenance roadbed and rolling steck, the improvement 
grade and alignment receives attention. The rapid influx popu- 
lation and investment the alluvial valley has made the extension 
protection against such floods recur with substantial regularity 
absolutely and immediately necessary, and this has strained the re- 
the riparian communities, and the limit which the Gov- 
ernment has, yet, seen fit extend its appropriations. With the 
resources following success and prosperity, the makeshifts 
emergency will rectified. Even now, the question alignment 
receiving attention, and, some cases, spurs are built along the axes 
points, equalizing the width the river, and preventing the race 
water across them. 

Concerning the disposal the main river material derived from 
the tributaries and its own caving banks, must said that 
amount nearly, not quite, equal that contributed the caving 
banks used building out and the opposite shores. This pro- 
cess has been going ever since the valley was first known, and 
has not been observed that has been hastened the building 
levees. gradual widening was shown the earlier reconnaissances 
and surveys, and the latest surveys, made within the period ac- 


} 


tive levee building, and mentioned the opening this discussion, 
the increase width surprisingly small. There now, and always 
will be, left, both sides, along the greater part the length the 
stream, above Red River, about 800 out its 000 miles, wide 
foreshore between the levees and the natural bank, for the deposit 
material lifted the stream flood time. this not deeply sub- 
merged, and generally obstructed dense growth, the velocity 
the reduced make the conditions favorable for the 
arrest suspended sediment. 

There another factor which, although not closely determinable 
amount, evidently great importance the disposal the 
solid material brought the tributaries and transported the 
river. The greater fineness the sand, and the smaller size and 
quantity the gravel lower points the river very observable. 
From Cairo for some distance down there gravel bar the head 
most tow-heads and the entrances chutes, points where the 
depth decreases and the velocity checked. Passing down the river, 
the number and extent these accumulations reduced, well 
the size the material which they are composed. There im- 
portant gravel bed found below Profit Island, 250 miles above the 
mouth the river, and this mainly, not exclusively, contributed 
Thompson’s Creek, small, but torrential tributary from the Mis- 
sissippi hills. The attrition particle with particle, the way 
down, wears them away, and the result they were dissolved. 
The fineness the waste makes transportable, even slow veloci- 
ties, for great distances. floats from the Missouri for many miles 
out into the Gulf Mexico, and share giving the milkiness 
color the water the lower river with which the settling basin 
and filter have much difficulty dealing. Yet its importance 
disposing solid material realized from the fact that the loss 
half its diameter grain sand pebble means the loss 
seven-eighths its contents and weight. estimated physical 
geographers that 400 000 000 cu. ft. solid material are dissolved 
annually rain and other agencies from the surface the drainage 
basins, and carried down the main trunk the Mississippi, 
solution. This not recognized plans for the improvement 
the river and its alluvial valley, and the same true the large, but 
impalpable, product the attrition between particles sand and 
gravel their journey from the mountains the sea. 

The dream using the sediment, carried suspension the 
river and escaping over its banks during overflow, for raising the 
valley lands, attractive that occurs everyone who has 
occasion approach the study the physics the Mississippi 
Delta, and lasts until investigations show its utter impracticability 
for general application. 


Mr. Harrod. 
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The subject was investigated carefully Humphreys and Abbot, 
accomplished students the Mississippi River, and the ablest advo- 
cates the theory outlets. The conclusion General Humphreys, 
concurred General Abbot, is, when applied the St. Francis 
Basin, that the water escaping into this basin during the great flood 
1858 had carried the average amount sediment for flood stages, 
would have sufficed have filled the basin, evenly distributed, 
one-twenty-fourth inch, and that the effect this year was twice 
that year average overflow. general, says: 


The figures exhibited show that such process scale 
impracticable. The only practicable way reclaiming the swamp 
lands levee the river banks securely, and, cultivation extends 
inward, establish proper system drainage.” 


The most accurate data obtainable concerning the physics the 
river show that, engineering factor the reclamation the 
alluvial lands, absolutely trifling from its slowness and unequal 
distribution. The authorities, Humphreys, Abbot, Russell, Davis 
and others, concur the estimate that the amount sediment annu- 
ally carried suspension the main trunk the Mississippi corre- 
sponds rate denudation the surface the drainage basin, 
from this source, ft.in about years. the area the basin 
about 250 000 sq. miles, and that the land subject overflow 
from the Mississippi, 000 sq. miles, ratio about the 
amount material from the basin, spread evenly over the alluvium, 
would raise the rate ft. 128 years, in. 10% years. 
But this preliminary assumption subject certain limitations. 
the first place, high waters magnitude enough cause overflow over 
the natural banks not occur annually, and great floods are infre- 
quent. Secondly, the period during which lasts, even floods 
magnitude, does not usually last more months. Thirdly, 
the mean quantity escaping during this period cannot estimated 
exceeding one-third the entire flood discharge the river. 
submitted, therefore, that escape one-third the flood volume 
during one-sixth every year, large estimate the force avail- 
able for the distribution sediment over the alluvial lands, and that, 
therefore, the rate fill over these lands, evenly distributed, could 
not exeed in. 192 years. course, the distribution sediment 
would not uniform, for far the greater part would arrested 
near the bank, while highly improbable that the lowest lands, 
remote from the river, and needing elevation most, would raised 
rate exceeding in. 500 years. 

The terms this problem are immense and variable that they 
only admit its approximate solution, but believed that enough 
has been said show that, however well might have been defer 
the settlement the valley for term centuries, but little aid can 
now expected its general improvement sedimentation. The 
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time for this, ever existed, has gone by, and the vested interests are Mr. Harrod. 


too great and active admit interruption any such slow process. 

The Mississippi sedimentary stream, flowing through 
alluvium its own formation, bed adjusted its needs its 
own forces. Although geologically young among rivers, mature 
the sense having established permanent regimen, under which 
its slope, velocity, length and section are substantial adjustment 
with its discharge and the stability the material through which 
flows. builds its banks one side fast tears them down 
the other, and strives maintain its present length. 

The phenomena characteristic this type river are clearly ex- 
hibited throughout its course. With each increment volume from 
affluent, its slope flattened without loss mean velocity. Thus, 
above the junction the Ohio, 0.5 ft. per mile from the Ohio 
the St. Francis 0.424 ft.; from the St. Francis the White 0.344 
ft.; from the White the Yazoo 0.317 ft; from the Yazoo the Red 
0.265 ft.; from the Red the Head the Passes 0.180 ft., and, then, 
when this combined discharge subdivided between the several 
Passes the Gulf, the slope again increased about 0.3 ft. per 
mile. Throughout this course, which the slope steadily de- 
creased the volume increased, discharge observations show 
that substantially the same mean flood velocity prevails, from Cairo 
the Gulf, and, therefore, the finer material found suspension 
rolled along the bottom is, toward the lower end, more readily trans- 
ported. 

Wherever, its course, the flood discharge the river de- 
creased, contraction waterway deposit has been observed. 
This statement applies both the long reaches along the fronts 
basins, where, during unleveed ages, one-third the discharge 
great floods has escaped over the banks, collected and returned 
the river the natural drainage ‘system, and also the outlet 
through crevasses magnitude, discharging 200 000, 300 000, and even 
400 000 cu. ft. per second. 

Surveys, having for their direct object the ascertainment any 
changes the bed the stream affecting its channel capacity, the 
result natural causes the result levee building, have dis- 
closed general movement toward uniformity depth and increase 
These observations were not confined single 
gauge station cross-section, but were continued for fifteen years 
over hundreds miles river and thousands cross-sections. 

That part the subject relating the elevation the river bed 
has been discussed with learning and authority General Com- 
stock, Am. E., with the following conclusion*: 


The opinion often held that levees cause river-bed prob- 
ably due the fact that the bed river does sometimes rise although 


Appendix the Report the Mississippi River Commission for 


: 
4 


938 DISCUSSION LEVEES MISSISSIPPI RIVER. [Papers. 


Mr. Harrod. leveed, and hence concluded that the levees rise. Any sedi- 


mentary stream, having definite succession stages and discharges 
and flowing its own alluvion, finally takes such slope will give 
velocity sufficient enable carry its sediment, whether derived 
from above from its own banks and bed, farther down-stream, with- 
out, the whole, scouring filling its bed. average velocity 
less than this will give rise deposits its bed, crooked 
will become straight, thus either case increasing its slope and ve- 
locity towards their normal values. average velocity greater than 
this will scour its bed, cause caving its concave bends, thus in- 
creasing its length and diminishing its slope and velocity such val- 
ues its bed can bear without the whole scouring filling. 
When therefore the slope sedimentary stream suddenly dimin- 
ishes from that which needs for stable regimen its velocity also 
diminishes drops part its alluvion, and its bed rises. Thus, 
when the Mississippi enters the Gulf Mexico, its slope suddenly di- 
minishes its velocity diminishes, and builds bars out deep 
water. Adige, when reaches the low plains the Po, needs 
for permanence steeper slope than the country has, and raises its 
bed above it. all these cases the bed would rise without levees.” 

one more cause for the rise bed sedimentary river, 
which, however, acts very slow rate. The Mississippi pushes its 
mouths out into the Gulf the rate about miles century, and 
this increase length requires corresponding increase fall 
water surface make the waters flow out. increase miles 
length would, with existing slopes, raise the high-water surface 
New Orleans about 0.7 ft. The cost raising levees correspond 
with this rise the water surface would, has already been stated, 
small part the annual cost the system.” 


That the confinement floods between levees would have the im- 
mediate effect increasing flood heights was, course, anticipated. 
But can said, even the assumption permanent inerosi- 
ble bed, that this increase height will only proportion the 
increase discharge, and that this there limit. There have 
been facts given the opening this discussion which lead the 
conclusion that this limit, far the discharge the affluents 
concerned, has been nearly, not quite, reached, and that there only 
remains the improbable contingency more synchronous combina- 
tion tributary discharges than has ever yet been known. But the bed 
not inerosible, and there are reasons given the preliminary dis- 
cussion why the forces uniform and combined volume will, 
time, remove the accumulation sediment left the bed high 
waters depleted along the basin fronts through ages overflow, and 
thus abate the increased flood experienced the immedi- 
ate result levee building. 

Reservoirs and outlets, like levees, must judged both their 
conformity hydraulic theory and their practicability. With- 
holding the excessive part the discharge the tributary 
reservoirs distinctly aid abating flood heights the lower 
river, and thus the reclaiming its low lands from inundation, and 
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the same means serve for irrigation where most needed. Thus the Mr. Harrod 


irrigation the arid lands and the leveeing the alluvial lands are 
closely connected co-operative projects. Unfortunately, the practi- 
cable extension the reservoir systemis very limited. finds noap- 
plication the Ohio, and very little, factor reducing floods 
the lower river, the Upper Mississippi. 

Below Cairo quite impracticable. The only basin which has 
been proposed reservoir site—the St. Francis—comprises 000 
miles land great fertility and increasing value, the homes 
and improved properties large population, and hundreds miles 
railroads, not mention two Congressional Districts. Besides the 
acquisition the necessary rights, the works for impounding and con- 
trolling the surplus flood waters would very extensive and costly, 
requiring skillful and probably dangerous maintenance and operation. 
Theoretical questions concerning the permanence channel capacity 
and continued flood relief with reduced dischargealso arise ob- 
jections such project. this late period, when the basin 
largely occupied and advancing wealth rapidly, and when the 
levee system for its protection far advanced, the proposition does 
not present either economic engineering advantages. The present 
and prospective value the site for farming and industrial purposes 
enormous, and its protection from overflow levees can accom- 
plished more cheaply, more safely and earlier time, than any 
other method. 


The theoretical objections outlets are well stated* General 
Comstock follows: 


regimen when has taken slope suitable its varying discharges 
and the material through which flows; and, rule, these slopes 
diminish the size the riverincreases, asthesize the 
river 

* * * * * * * * 


These examples are sufficient illustrate the general rule already 
stated, that sedimentary rivers flowing their own alluvion take 
larger slopes the smaller they are. Hence, Lake Borgne else- 
where its Delta, the Mississippi were divided into two rivers, since 
each would smaller than the present river, thetwo newrivers would 
smaller than those the original river, and hence would build 
their beds. This process would only cease when the steeper slopes 
needed each were obtained. Since both rivers would then have 
one end the gulf, and have steeper slopes their point di- 
vergence than the main river now has, the flood surface the river 
that point would higher than now.” 


may concluded that the reduction, any large amount, 
the flow the Mississippi Lake Borgne will ultimately followed 


Appendix Report the Mississippi River Commission for 1890. 
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rise the flood heights that place and shoaling the river 
below and its mouth.” 


theory and experience show that when, all stages, 
reduction the size river flowing alluvial soil made, the 
river split two, the smaller rivers gradually take greater slopes 
than the main river had. Hence both the main river and the new 
river would gradually increase their slopes suit the new conditions. 
Since the slope begins the Gulf, can not become greater the 
main river below Lake Borgne, which now nearly straight, without 
increasing flood heights Lake Borgne. After some years, then, 
both routes the sea remained large rivers, the flood level above the 
outlet would higher than now, unless, indeed not im- 
probable, the large amount sediment which would dropped into 
Lake Borgne (where the flood velocities would first but about 
one-sixth those the Mississippi) should close this outlet, thus 
repairing the injury done the main river. large diversion flow 
from the Mississippi Lake Borgne would also seriously diminish 
the depths the present mouths the 

When these objections are added the practical difficulties and 
costs controlling the discharge outlet with additional levees 
and regulation works, the conclusion inevitable that the reclamation 
the alluvial valley from overflow can accomplished most cheaply, 
safely and speedily the completion the levee system 
grades and dimensions. 


Memoirs, MEMOIR FREDERICK WINN BOND. 941 


DECEASED MEMBERS. 


will reproduced the Volumes Transactions. Any informa- 
tion which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final publication. 


FREDERICK WINN BOND, Am. E.* 


1903. 


Frederick Winn Bond was born New England parentage 
Dover, New Hampshire, April 14th, 1852. The family moving 
Waltham, Massachusetts, shortly after, his early education was ob- 
tained the public schools that place. attended college 
Yellow Springs, Ohio. 

Mr. Bond began his engineering career 1870 rodman the 
St. Louis, Council Bluffs and Omaha Railroad, now part the 
Wabash System. was afterward employed draftsman the 
City Engineer’s office Omaha, Nebraska. the year 1872 was 
employed rodman and levelman the Union and Southern 
Pacific Railways. From there, 1873, went the City Engineer’s 
office Toledo, Ohio, but during the same year returned Omaha 
and was employed Assistant Engineer the United States 
Engineer Department that place. During this period was 
connected with the Hayden Geological Survey,” the Territories, 
operating the then little known Yellowstone country, experience 
which often spoke later life very interesting. 

1876 was engaged mechanical engineer Chemical and 
Blast Furnace Works Bangor, Michigan, where remained until 
1879, which time became Assistant Engineer the St. Louis 
and San Francisco Railway, under James Dunn, Am. Soc. E., 
then Chief Engineer that railway, with general headquarters 
St. Louis, Missouri. remained with this company until the year 
1889, during which time, the years 1887 and 1888, made extensive 
surveys through the Indian Territory and Texas Panhandle for the 
location the Middle Division the Atlantic and Pacific Railroad, 
then jointly owned the Atchison and San Francisco interests. 
Leaving the St. Louis and San Francisco Railway 1889, became 
Chief Engineer the Kansas City, Nevada and Fort Smith Railroad, 
now part the Kansas City Southern System. remained there 
until 1891 when accepted the position Chief Engineer the 
Kansas and Texas Coal Company St. Louis, which position held 
until 1897. During parts 1897 and 1898 was engaged special 
work, for the Engineer Department the Atchison, Topeka and 


*Memoir prepared Van Sant, Am. Soc. 
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Santa Railroad Company, Texas. Early 1898 became 
Principal Assistant Engineer the St. Louis and Oklahoma City 
Railroad, now part the St. Louis and San Francisco System. 
was appointed Chief Engineer the Railroad, 
operating department. 1900 resigned that position become 
Chief Engineer the Fort Smith and Western Railroad, which 
position held the time his death. 

The existence the latter corporation due primarily Mr. 
Bond’s foresight and business enterprise locating and securing 
leases valuable coal properties the Indian Territory; these con- 
cessions, later, being transferred the present railroad corporation. 
Much Mr. Bond’s time for the past eight years was given this 
enterprise, and actual construction was finally begun some two years 
ago under his supervision Chief Engineer. 

While connected with the Kansas and Texas Coal Company, Mr. 
Bond made mary innovations and improvements coal mining and 
hoisting machinery, some which were patented him and are now 
general use. 

The writer’s acquaintance with the deceased began the time 
came the Frisco” Railroad 1879, being associated together 
the location and construction important extensions that road 
during the stirring days the early eighties. The deceased’s ac- 
quaintance and railroad experience during this period extended over 
Southern Missouri, Northern Arkansas and the Indian Territory, 
connection with the above-named extensions. made friends with 
all, and left pleasurable reminders his strong personality, genial 
disposition, bright wit, and, occasionally, sharp sarcasm, 
pitched his was genial and generous with his friends, 
but his wit was often very pointed when dealing with those who 
opposed him. There was scarcely man the Railroad, 
from the Road Department the General Office, who did not know 
and admire Fred Bond.” All, from the lowest the highest. express 
genuine regret his untimely death, and extend sympathy the 
bereaved family. 

Mr. Bond belonged that practical and resourceful class engin- 
eers who got their experience during the last quarter past 
century under conditions calculated develop high order re- 
sourcefulness and self-reliance, together with promptness act and 
assume responsibility, that hardly possible under present conditions 
organization and methods practice. Being possessed 
eminently practical turn, yet had much the artistic instinct, and 
felt and appreciated all the better impulses human nature. Fred 
Bond” was most delightful companion, good comrade and stanch 
friend, well engineer high professional qualifications. 

Mr. Bond was married Miss Elizabeth Loup, June, 1875, 
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Belvedere, Illinois, and she and four children survive him. died 
Fort Smith, Arkansas, July 12th, 1903, and was buried the 
family lot, Kirkwood, St. Louis County, Missouri. 

was elected Member the American Society Civil Engin- 
eers December 7th, 1898. 


MARTINIUS STIXRUD, Am. Soc. E.* 


Diep 1901. 

Martinius Stixrud was born Thoten, Southeastern Norway, 
January 28th, 1857. was graduated from Chalmers Technical 
Institute, Gothenburg, Sweden, 1878, and continued the study 
Civil Engineering the Polytechnicum, Aachen, Germany, 
during the next year. the spring 1881 came the United 
States. 

His first summer this country was spent transitman and 
draftsman the Manitoba Railways. During the winter 1881-82 
was engaged draftsman and computer the Bridge Department 
the and St. Paul Railway, Minneapolis. 
Early 1883 was engaged the Northern Pacific Railroad, with 
office Brainard, but from there was sent out the Pacific Coast 
that company. 

1883 designed the switch-back over the Stampede Pass, 
under Bogue, Am. Soc. E., who the time was Principal 
Assistant Chief Engineer the road. Mr. Stixrud continued his en- 
gagement with this railroad until 1885, and during part this time 
1885-86 was Engineer the location and construction the 
Oregon Pacific Railroad. During 1886-87 was Locating Engineer 
for the Seattle, Lake Shore and Eastern Railway, running lines across 
the Cascade Mountains through the Snoqualmie Pass. This party 
suffered great deal during the winter, from exposure and shortage 
provisions, and that time Mr. Stixrud contracted ear trouble 
which caused him much pain ever afterward. 

1887-88 was Engineer Charge Location and Construction 
the Seattle, West Coast Railway (afterward the Seattle, Lake Shore 
and Eastern Railway). 1888 went Spokane, the interests 
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the same company, and designed and constructed the bridges, 
this company, over the Spokane River. 1889 continued 
Locating Engineer for the same company. short, this time 
had been engaged constantly railroad work, both location and 
construction, and his reputation reliable and able engineer 
those branches was established. 

1890, very much against his inclination, Mr. Stixrud became 
City Engineer Seattle, but did not give satisfaction the poli- 
ticians, who were unable use him and his office they pleased. 
was most shamefully treated, and although ousted from office, was 
completely exonerated, and came through this blackmailing process 
victorious. Some time before this, was engaged with 
Ericson, Am. Soc. E., later City Engineer Chicago, pre- 
paring plans for water and sewerage systems for Seattle, under Mr. 
Benezette Williams. 

From 1890 Mr. Stixrud was located permanently Seattle, and prac- 
ticed Consulting Engineer, forming partnership 1892 with 
Mr. consulting engineer that western country 
required the most diverse knowledge and practice, thus bridge and 
structural engineering, water supply, sewerage, drainage, irrigation. 
and also railroad surveys, comprised the firm’s work. 

1892-93 Mr. Stixrud spent the winter California and Mexico, 
having view the irrigation the desert lands the Colorado 
River Basin. Plans were prepared irrigate 600000 acres. The 
proposed intake was the Colorado River near Hanlon’s Ferry, not 
far from Yuma. the business part the undertaking 
failed that time. 1893 was engaged Engineer for the Board 
Tideland Appraisers for King County, Washington. this capa- 
city made very Seattle and Ballard Harbors, 
establishing harbor lines and waterways, and plotted the tideland 
areas Seattle, Ballard and part Tacoma Harbors. Especially for 
Seattle, this was work great importance, dealt with the future 
plans Seattle Harbor, railway terminals and manufacturing 
Mr. Stixrud did not succeed getting his plan the main 
part Seattle Harbor accepted. Captain Symons, Am. Soe. 
E., representing strong interests, had revised plan, which was 
accepted. Mr. Stixrud’s plan was one with tidal basins, the rise the 
tide being ft. Captain Symons’ plan was for open waterways, 
which appeared suit the immediate Mr. Stixrud had 
ignored the South Canal Waterway. 

the winter 1896-97 Mr. Stixrud was the Chief Engineer for 
one the cable tramways, constructed over the Chilkoot Pass, 
Alaska. 

Mr. Stixrud died Seattle, after illness seven weeks, the 
cause death being congestion the brain, considered have been 
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caused primarily his exposures the Snoqualmie Pass the 
winter 1886-87. 

The foregoing gives general outline Mr. Stixrud’s professional 
work. his character, too much cannot said. was 
cheerful, pleasant disposition; admired and respected all, and was 
excellent representative the Scandinavian race—honest, true and 
brave. appearance was tall, erect and fair. left fortune, 
but many frieuds. was not married. 

Mr. Stixrud had many qualities through which was especially 
adapted his profession; was inventive mind and had great 
designing mechanical devices being his hobby. Where 
made his home was engineer high standing, but, without 
doubt, would have attained more prominence had been 
favored location which his pure engineering qualities would 
have been appreciated more than could have been the case the new 
and undeveloped West. Holbrook, Am. E., 
under whom Mr. Stixrud served assistant during the construction 
the Seattle, Lake Shore and Eastern Railway, 1888-90, writes 
follows: 


Mr. Stixrud was young man fine physique and presence, and 
had been well educated foreign technical schools. was very 
companionable, and sterling integrity. this last, after 
having taken the office one time City Engineer Seattle, when 
his political opponents trumped some charge against him that led 
his resignation, but one knowing the facts ever laid anything 
his discredit that 


Kennedy, Am. Soc. E., Chief Engineer the Oregon 
Railroad and Navigation Company, and under whom Mr. Stixrud 


worked for several years, the location and construction the 
Northern Pacific Railroad, writes: 


after Mr. Stixrud’s arrivalin this country, was engaged 
with me, the location the Green River Division the Northern 
Pacific Railroad, topographer. only say, that was one 
the finest topographical engineers have ever known, and locaticn 
based his topography rarely required amended after being 
once run the ground. knew him intimately from that time 
until his death, and had friend whom esteemed highly. 
His loss such early age was loss the profession, which 
was honored member. had always looked forward brilliant 
career for him, had marked ability designer and has left 
many monuments his skill such Seattle, Washington, where, 
the time his death, was the active practice his profession.” 

The foregoing will give some idea the life and character 
Martinius Stixrud, but the ennobling effect his company, the kind 
but manly and strong appearance the man, his excellent manners, 
and his sincere friendship toward those who had the privilege being 
near him, can only appreciated fully those who came contact 
with him. was sincere and sober business, but conversation 
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and discussion was bright and entertaining. Mr. Stixrud was one 
the most enthusiastic yachtsmen Seattle, and his boat was for 
long time the champion her class. 

Thus his life was vigorous, strenuous and manly. His noble 
example man and engineer will have lasting and elevating effect 
all who knew him. 

Mr. Stixrud was elected Member the American Society Civil 
Engineers April 3d, 1889. 
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MINUTES MEETINGS. 


THE SOCIETY. 


November 4th, 1903.—The meeting was called order 
8.40 President Noble the chair; Chas. Warren Hunt, Secre- 
tary; and present, also, members and guests. 

The minutes the meetings October 7th and 21st, 1903, were 
approved printed Proceedings for October, 1903. 

paper, Eugen Goetze, Esq., entitled Filtration for Public 
Water Supplies, with Especial Reference the Double Filtration 
Plant Bremen, was presented Rudolph Hering, 
Am. Soc. communication the subject from Kiersted, 
Am. Soc. E., was presented the Secretary, and the paper was 
discussed verbally Messrs. Underwood and Morris Knowles, 
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who illustrated their remarks with lantern slides. Messrs. Allen 
Hazen, Maignen, George Fuller, William Fuller, John 
Gregory, George Soper and Thomas Wiggin also spoke 
the subject. 
Ballots for membership were canvassed, and the following 
candidates elected: 


Burr Kernville, Cal. 

Youne Drxon, Amherstburg, Ont., Canada. 
San Francisco, Cal. 
FRANK GILBERT Alice, Tex. 


MEMBERS. 


Frank Epwarp Winsor, New York City. 


The Secretary announced the election the following candidates 
the Board Direction, November 1903: 


ASSOCIATES. 


JUNIORS. 


New York City. 

Epwarp CHADBOURNE, San Francisco, Cal. 
Joun Dory, New York City. 

St. Louis, Mo. 


The Secretary announced the death Henry 
elected Member December 6th, 1871; died October 26th, 1903. 


Adjourned. 


. 


Affairs.] MINUTES MEETINGS. 409 


November 18th, 1903.—The meeting was called order 8.40 
M., President Noble the chair; Chas. Warren Hunt, Secretary; 
and present, also, 102 members and guests. 

paper, entitled Improvements Liverpool,” George 
Cecil Kenyon, Assoc. Am. Soc. E., was presented the 
Secretary. 

The subject was discussed the President. 


The Secretary announced the death Norman 
elected Junior July 3d, 1889; died November 10th, 1903. 
Adjourned. 


THE BOARD DIRECTION. 
(Abstract. 


November 3d, 1903.—President Noble the Chair; Chas. Warren 
Hunt, Secretary; and present, also, Messrs. Briggs, Craven, Croes, 
Jackson, Osgood, Pegram, Schneider, Swain and Wilgus. 

report was received from the Committee Conference the 
proposed Joint Engineering Building, and action was taken authoriz- 
ing statement the matter, stands, issued the mem- 
bership sixty days before the Annual Meeting. 

The proposition for the appointment Special Committee 
Concrete and Steel-Concrete was considered, and Committee the 
Board appointed prepare its for presentation 
Annual Meeting, together with statement the arguments for and 
against the appointment such Committee. 

Reconsideration Ballots were canvassed accordance with the 
Constitution. 

Applications were considered and other routine business transacted. 


Two candidates for admission Associate, and four Junior, 
were elected.* 


Adjourned. 


See page 408. 
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ANNOUNCEMENTS. 


every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 


Wednesday, December 2d, 1903.—8.30 regular business 
meeting will held. Ballots for membership will canvassed, and 
paper, entitled Desirable Method Dredging Channels through 
River Bars,” Maximoff, Assoc. Am. Soc. E., will pre- 
sented for discussion. 

This paper was printed Proceedings for October, 1903. 


Wednesday, December 16th, 1903.—8.30 this meeting, 
paper, Emile Low, Am. Soc. E., entitled The Breakwater 
Buffalo, Y.,” will presented for discussion. 

This paper printed this number Proceedings. 


ANNUAL 


The Fifty-first Annual Meeting will held the Society House, 
January 20th and 1904. The Business Meeting will called 
order o’clock Wednesday morning. The annual reports will 
read, officers for the ensuing year elected, members the Nominat- 
ing Committee appointed, and other business transacted. 

The arrangements for excursions and entertainments will 
announced later. 


NOMINATING COMMITTEE. 


The Constitution provides that the Aunual Meeting each 
year, seven Corporate Members, not officers the Society, one from 
each the geographical into which the Society divided 
for this purpose, shall appointed the meeting serve for two 
years. 

The usual blank request for suggestions representatives 
each district, for presentation the meeting, will soon mailed 
Corporate Members. 


ANNUAL CONVENTION, 1904. 


The Thirty-sixth Annual Convention will held St. Louis, Mo., 
during the week beginning October 3d, 1904. 

the details the arrangements are developed, they will 
announced Proceedings. 
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UNIVERSAL EXPOSITION, ST. LOUIS, 1904. 


The Society has undertaken provide for Engineering Exhibit, 
and the establishment Headquarters for visiting engineers, and the 
Board Direction has appropriated sufficient funds defray the 
necessary expense. 

This matter the hands the following Committee: 

Am. E., St. Louis, Mo., Chairman. 


Assoc. Am. E., St. Louis, Mo., Secretary. 


SEARCHES THE LIBRARY. 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many such 
searches have been made, and bibliographies and other information 
special subjects furnished. 

The resulting satisfaction the members who have made use 
the resources the Society this manner has been expressed 
frequently, and leaves little doubt that, were generally known 
the membership that such work would undertaken, many would 
avail themselves it. 

The cost trifling, compared the value the time engi- 
neer who looks such matters himself, and the work can per- 
formed quite well, and much more quickly, persons familiar 
with the Library. 

Copies all lists references are filed, that many cases 
only necessary make typewritten copy, which reduces the cost 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether referencesto general 
books only are desired, whether complete biLliography, involving 
search through periodical literature, desired. 
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ACCESSIONS THE LIBRARY. 
From October 14th November 10th, 1903. 


DONATIONS.* 


GRAPHIC STATICS, WITH APPLICATIONS TRUSSES, BEAMS AND ARCHES. 


Jerome Sondericker. Cloth, pp., illus. New 
York, John Wiley Sons, 1903. $2.00. 


This book the outgrowth experience teaching graphic statics the Mass- 
achusetts Institute Technology. While deals specifically with problems en- 
countered building construction, intended serviceable engineers and 
engineering students generally. the author states that the reader 
should have knowledge statics and strength materials, including beam stresses 
and deflections, these subjects are commonly attempt has been made, 
Chapter II, develop general method dealing with frames where bending 
Stresses occur addition tension and compression stresses. The Contents are: 
Introduction; Polygon; Forces Equilibrium; Graphical Determination 
Moments; Some Special Constructions for Funicular Polygons; Construction Roofs, 
Counterbracing and Double Systems Three-Hinged Arch; Bending Stresses, 
Sway Bracing; Shearing Force and Bending Moment Beams; Beams; 
General Conditions Stability Masonry Arches, Abutments, etc.; Masonry Arch, 
Line Pressure; Abutments, Piers, etc. 


WATER POWER. 


Outline the Development and Application the Energy 
Flowing Water. Joseph Frizell, Am. Soc. Third 
Edition, Enlarged. Cloth, ins., 646 pp., illus. New York, 
John Wiley Sons, 1903. $5.00. (Donated the Author.) 


this edition some typographical and numerical errors which had crept into former 
editions have been eliminated. The subject dams soft bottom has been extended, 
and section added dams tidal waters. The length wastewaysin relation the 
appurtenant drainage area has been more fully considered. The subject tidal power 
has been outlined, and extended attention has been given storage reservoirs. The 
subject leases and rentals water-power and land appurtenant thereto has also been 
more fully elaborated. The Contents are: Natural Watercourses; Dams for Water- 
Power; Construction Dams; Dams Masonry; Dams; Movable Dams; 
Storage-Reservoirs and Reservoir Dams; Rock-Fill Dams; Reservoir Dams Masonry; 
Examples High Dams; Failures High Dams; Canals, Gates, etc.; Hydraulic Motors; 
Water-Wheels; Turbines; Appendages and Attachments Turbines; Canals; Develop- 
ment Natural Water-Powers; Transmission Power; Shafting and Wire Rope; 
Hydraulic Transmission; Transmission Compressed Air; Transmission Electric 
Current; The Power-House; Measurement Water; Storage and Pondage Water; 
Damages Mill-Owners Resulting from the Diversion Water; Leases and Rentals 
Water-Power; Testing Water-Wheels. There index six pages. 


PRINCIPLES AMERICAN FORESTRY. 


Samuel Green. Cloth, ins., 334 pp., illus. New 
York, John Wiley Sons, 1903. $1.50. 


The author states that this book elementary forestry, and has been prepared 
especially for students and others beginning this subject. also intended for the 
general reader who wishes secure idea the subject forestry North 
America. Much the matter included herein was originally published the Geologi- 
cal and Natural History Survey Minnesota under the title Forestry 
this volume the matter treated more generai way and has been enlarged 
the better adapt the whole country. The chapter headings are: The Tree; Tree 
Growth; The Forest; Forest Influences; Tree Planting Prairies; Forest Regeneration; 
Propagation; Nursery Practice; Forest Protection; Rate Increase Timber Trees; 
Forest Mensuration; Forest Problems; The Uses Wood; Durability Wood; Forest 
Economics; Tabular Classification, Sylvicultural Data, and Uses Important American 
Timber Trees; Glossary Technical Terms Used Forestry; List the Best Books 
Forestry; Publications the Bureau Forestry and Other Departments 
Special Interest Students. There index twelve pages. 


Unless otherwise specified, books this list have been donated the publishers. 
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NOTES ELECTRIC RAILWAY ECONOMICS AND PRELIMINARY ENGI- 
NEERING. 


6ins., 251 pp., illus. New York, McGraw Publishing Com- 
pany, 190%. $2.00. 


This book based upon series lectures delivered Lehigh University, the 
subject which dealt with the economics the preliminary determinations and the 
construction and operation high-speed interurban electric railroads. The author has 
filled out the lecture notes, some places adding matter thereto, and has arranged the 
subjects follow the order which they would taken the investigation 
and construction electric railway undertaking the type considered. 
exceptions all the full-size original drawings and diagrams used the lectures have 
been reproduced this volume. Part the book devoted statement the prin- 
ciples which should followed locating proposed route derive the maximum 
benefit from the territory served. The book not designed treatise 
exhaustive treatment the subject whole, the details indicated the 
chapter headings. intended point the and embody some the results 
twelve years practice and application. The Contents are: Introductory; Prelimin- 
ary Office Determinations; Preliminary Field Survey; Detailed Office Investigation 
Track Location; Preliminary Determination Schedules and Equipment; Estimate 
Earnings; Estimate Probable Operating Expenses; The Final Survey; Track Con- 
struction; Overhead Third-Rail Construction; The Power Station; Storage Batteries; 
Rolling Stock and Motors; Securing Rights Way; Preparation the Specifications; 
The Construction Period; The Organization the Operating Department; Economic 
Considerations; Appendix. There index three pages. 


VICAT, VIE SES TRAVAUX. 


Avec des Notes par Merceron-Vicat. Paper, 243 pp. 
Paris, Veuve Ch. Dunod, 1903. francs, centimes. 


this book Merceron-Vicat has recalled opportunely, time the cement 
industry has become importance, the works the creator this new 
industry. The technical details are still present-day interest and may found useful 
engineers and builders who are interested hydraulic limes and cements. There 
short biographical notice followed extracts showing principal discoveries. 
The Contents are: Notice biographie; Chaux hydrauliques artificielles; Classification 
des chaux hydrauliques; Chaux-limites incuits; Pouzzolanes artificielles; Ciments 
éventés surcuits; Action mer; Délibération Conseil municipal Paris; 
Rapport d’Arago; Rapport Thénard; Rapport Dumas. 


MANUAL LAND SURVEYING. 


Comprising Elementary Course Practice with Instruments 
and Treatise upon the Survey Public and Private Lands, Pre- 
pared for Use Schools and Surveyors. Hodgman. Morocco, 


man, 1903. $3.00. 


This book contains the mathematical and instrumental matter usually found 
text-books well large amount practical matter. gives the United States 
laws relating surveys and the latest United States Instructions Deputy Surveyors. 
tells how subdivide sections the United States Surveys and how find lost 
corners and restore them when obliterated destroyed. also tells how descriptions 
deeds are constructed and how write correct descriptions. There are legal 
decisions and citations more than two hundred cases from the highest courts the 
United States, covering every point the practice which has been settled 
them. preparing this part the work, every decision the Supreme Court 
the United States and the Supreme Courts the several States, which had bearing 
the surveyor’s work, was consulted. The Contents are: Definitions; Instruments; 
Measurement Angles; Passing Obstacles and Measuring inaccessable Distances; 
Piatting and Computing Areas; Curvelinear Surveying; Original Surveys; Subdivision 
Sections; Resurveys; Relocating Lost Corners; Miscellaneous; Tables. 


THE STAR IMPROVED STEAM ENGINE INDICATOR. 


pp., illus. Boston, Star Brass Mfg. Co. $1.00. 


The states that although sense advertisement the new indicator, 
this book intended unbiased statement all the facts needed purchaser 


this indicator, whether unfamiliar with the particular form instrument described, 
with the general subject. intended also useful book reference and 
instruction the practical work indicating. Most the diagrams here reproduced 
were taken for the purpose this treatise, using one the new type instruments, 
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and nearly all were taken the author. The Contents are: Introduction; Description 
the Star Improved Indicator; Testing Springs; Care the Star Improved Indicator; 
Diagrams Taken from the Star Improved Indicator; How Indicate Engine; How 
Take Diagram; Designation the Various Lines the Diagram; Use the Indicator 
for Setting Valves; Working Diagrams, Use the Planimeter, etc.; Computation 
Horse-Power; Steam Accounted for Indicator Diagram; Cylinder Condensation and 
Leakage; Combining Diagrams; Steam-Pipe Diagrams; Leakage-Tests Valves and 
Pistons; Tables. 


CURVES CIVIL ENGINEERING. 


The Transitman’s Pocket Companion. Containing Instructions 
for Surveys Locate the Center Line Engineering Works, and 
Tables that are Needed the Field, Connection with Circular, 
Transition and Vertical Curves. Arthur Haynes. Leather, 
117 pp., illus. 1903. $2.50. (Donated the Author.) 


The author states the preface that the excuse for this book advocate arc 
measurements. new table curve functions given, accordance with new 
definition for found the first paragraph the text. Logarithms 
and tables natural functions are not given because the author thinks they should not 
used the field. Special problems, too, are considered belonging the class- 
room. The subject transition curves made prominent feature. section 
vertical curves added, that the ground may better covered. While this subject 
applies especially railroads should also applied city street grades much 
more than The Contents are: Circular Curves; Alignments Engineering Works; 
Linear Measurements; General Discipline; Angular Measurements; True Meridian; 
Field Work; Transition Curves; Platting; Turnout Curves; Vertical Curves; Tables 
and Diagrams. 


AMERICAN RAILWAY TRANSPORTATION. 


Emory Johnson. Cloth, ins., +434 pp., illus. New 
York, Appleton and Company, 1903. $1.50. 


This volume, stated the introductory chapter, concerned with the trans- 
portation service performed steam trunk-line railroads. does not discuss the 
engineering and other technical questions raiiroad construction and but 
describes the American railroad system, gives account the service performed 
the different branches the railroad considers the business relations 
the railroads and the public, and discusses the problems government regulation. The 
book intended study railway economics and introduction the 
subject railroad transportation. The chapter headings are: Introduction—Definition 
and Scope Origin the American Railway; Growth tne American 
Railway Net; The Mechanism the Railway; The System the United 
States; The Railway Corporation and its Charter; Railway Capital; Earnings, Expenses, 
and Dividends; The Freight Service; The Passenger Service: The Express Service the 
Railways; The Mail Service the Railways; The Organization the Service; The 
Accounts and Statistics the Railway Service; Railway Competition and Agreements 
Maintain Rates; Pools and Traffic Associations; The Present Situation; Monopoly and 
Competition the Railway Service: Theory Rates and Fares; Rate-Making 
Practice; Railway Charges the United States and other Countries; Public Aid 
Railway Construction; Relation the Railways the State the United Kingdom and 
France; Relations the Railways and the State Italy and Germany; Regulation 
Railways the American State Governments; Railway Regulation the Federal 
Government; Courts and Railway Regulation; Railway The Problem 
Government Regulation. There index six pages. 


AMERICAN RAILWAYS. 


Edwin Pratt. Reprinted (with additions) from The Times. 


Cloth, ins., pp. New York, The Macmillian Company, 
1903. $1.25. 


facts here given were collected during four months tour the United States, 
the winter 1902-3, and representing total about 000 miles railway trav- 
eling the American continent. While seeking put the representatives 
railway interests England certain amount practical information which might 
service them, the author has also aimed interesting the general reader the 
subject American railways, regard alike their origin, their characteristics, and 
their operation. has also incorporated some references the present-day expan- 
sion those agricultural, industrial, and commercial interests the United States 
which, more than traffic, the railways the United States are indebted 
for their prosperity. The chapter headings are: General Survey; Some Points 
Difference; The Growth Freight; Wagons and Locomotives; The Passenger Busi- 
ness; the Cars; The Pittsburg Block; Track Elevation Chicago; Across the 
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Prairies; the Rockies: Mining Camp Railway Chicago; The Santa Trail; The 
Trans-Continental Traffic: Gardens, Deserts, and the New Galveston; Progress the 
South; The North-West and Its Story; The New England States; Railway Accidents 
the United States. 


FOWLER’S MECHANICAL ENGINEER’S POCKET BOOK, 1904. 


Leatherette, 441 pp., illus. Scientific Publishing Co., 


Manchester. shilling, pence, net. 


Advantage has again been taken the preparation the 1904 edition this pocket- 
book revise its contents order bring the matter date and correct any typo- 


graphical errors not previously detected. 


several directions this work revision 


and addition has assumed considerable dimensions, and hoped that will prove 
corresponding value. The section gas engines has been largely rewritten with the 
intention making special value all interested gas engine design and prac- 


tice. There index seventeen pages. 


Gifts have also been received from the following: 


Ala.—Geological Surv. 

Albemarle Chesapeake Canal Co. 
bound vol. 

Am. Ry. Master Mechanics’ Assoc. 
bound vol. 

St. Ry. vol. 

Am. Water-Works Assoc. vol. 

Architekten-Verein Berlin. pam. 

Boston, Mass.—Pub. Lib. vol. 

Buffalo, Rochestet Pittsburgh Ry. Co. 
pam. 

Canadian Pacific pam. 

Ceutral Georgia Ry. Co. 

Chicago Alton Ry. Co. 

Chicago, Burlington Quincy Co. 


pam. 
Chicago, Milwaukee St. Paul Ry. Co. 
pam. 
Chicago, Rock Island Pacific Ry. Co. 


pam. 

City Record. vol. 

Cleveland, Cincinnati, Chicago St. Louis 
Ry. Co. 

Colby, Albert Ladd. 

Colorado Southern Ry. Co. 

Corthell, bound vol. 

Denver Rio Grande Co. pam. 

Detroit, Mich.—Dept. Pub. Works. 
bound vol. 

Duluth, Minn.—City Officers. vol. 

Eng. Polytechnic Brooklyn. 
bound vol. 

2 vol. 


Fitchburg, Mass.—City Clerk. bound 


vol., vol. 
Fort Worth Denver City Ry. Co. 


pam. 
Grand Rapids, Mich.—City Engr. 
Great Britain—Patent Office. vol., 


pam. 
Great Northern Ry. Co. 
Griggs, Julian. pam. 
Ill. Engrs. and vol. 


Inst. Civ. Engrs. bound vol., vol. 

Surv. bound vol. 

Lake Mohonk Conference International 
Arbitration. 

Lehigh Valley Co. pam. 

Maine—State Board Health. bound 
vol., vol. 

—State Board Health. vol. 

Mass.—Bureau Statistics Labor. 
bound vol. 

Mead, Elwood. vol. 

Montreal, Que.—Supt. Water-Works. 
pam. 

H.—R. Commrs. vol. 

New London, Conn.—Board Water 
Commrs. 

Y.—Commr. the State Reservation 
Niagara. pam. 

Y.—Comptroller. bound vol., 


pam. 
Y.—Forest, Fish Game Comm. 


am. 
New York Central Hudson River 
am. 
New New Haven Hartford 
Co. pam. 
New York, Ontario Western Ry. Co. 


pam. 

New York, Susquehanna Western 
Co. 

Norfolk, Va.—Board Water Commrs. 


pam. 

North England Inst. Min. and Mech. 
Engrs. pam. 

North-East Coast. Inst. Engrs. and 
bound vol. 

Ogdensburg, Y.—City Clerk. 

bound vol. 

Parsons, Wm. Barclay. vol. 

Queensland—Commr. for Rys. 

Co. 

Rock Island Co. 

Santa Fé, Prescott Phoenix Ry. Co. 
pam. 

Smithsonian Inst. bound vol. 

Southern Ry. Co. 
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Tombo, Carl. pam. Univ. Ill. bound vol. 
U.S. Bureau Statistics. vol. Univ. Pa. vol. 


U.S. Chf. Engrs. specif. Western Ry. Alabama. 


U.S. Dept. Agri. pam. Wilmington, Del.—Board ealth. 
Geological Surv. pam. Wis.—State Board Health. bound 


Interstate Commerce Comm. vol., vol., pam. 
bound vol., vol. Yonkers, Y.—Dept. Pub. Works. 


pam. 


PURCHASE. 


Continuous Current Dynamos and Motors and their Control. 
Being Series Articles Reprinted from The Practical Engineer, and 


completed Kelsey. London, The Technical Publishing 
Company, Limited, 1903. 


Electrical Influence Machines; Their Historical Development and 
Modern Forms, with Instructions for Making Them. John Gray. 


Second Edition, Revised and Enlarged. New York, Van Nostrand 
Company, 1903. 


Das Elektrische Kabel. Darstellung der Grundlagen fir 


Fabrikation, Verlegung und Betrieb. Von Baur. Berlin, Julius 
Springer, 1903. 


Modern Practical Electricity. Electricity the Service Man. 
Popular and Practical Treatise the Applications Electricity 


Modern Life. Walmsley. Vol. 1-3. Chicago, 


The and Electric Traction Pocket-Book. 
Philip Dawson, Assoc. Inst. E., Mech. E., 


Offices New York, John Wiley and Sons, 


Mechanics Engineering. Theoretical Mechanics, with Intro- 
duction the Designed Text-Book for Technical 
Schools and Colleges, and for the Use Engineers, Architects, 
Julius Weisbach. Translated from the Fourth Augmented and 
Improved German Edition, Eckley Coxe. Ninth American Edi- 
tion. New York, Van Nostrand Company, 1899. 


Mechanics Engineering and Machinery. Julius Weisbach. 
Vol. II, Section II, Part Translated from the Fourth Augmented 
and Improved German Edition Jay Bois, with Additions 
Showing American Practice Buel; Vol. Pt. Sections 
Second Edition, Thoroughly Revised and Enlarged Gustav 
Herrmann, Translated Klein. New York, John Wiley 
Sons; London, Chapman Hall, Limited, 1896-1902. 


The Gas-Engine. Treatise the Internal-Combustion Engine 
Using Gas, Gasoline, Kerosene, other Hydrocarbon Source 
Energy. Frederick Remsea Hutton. New York, John Wiley 
Sons; London, Chapman Hall, Limited, 1903. 


The Practical Physics the Modern Steam Boiler. Frederick 
Thurston. New York, Van Nostrand Company, 1903. 


ACCESSIONS THE LIBRARY. 417 


Lead-Smelting. The Construction, Equipment and Operation 
Lead Blast Furnaces, and Observations the Metallic 
Elements Slags and the Scientific Handling Smoke. Malvern 


Wells Iles. New York, John Wiley Sons; London, Chapman 
Hall, Limited, 1902. 


The Mineral Industry Its Statistics, Technology and Trade 
the United States and other Countries the End 1902. Founded 
the late Richard Rothwell. Edited Joseph Struthers. Vol. 
Supplementing Volumes Ito New York and London, The En- 
gineering and Mining Journal, 1903. 


House Drainage Manual. Guide the Design and Construction 
Systems Drainage and Sewage Disposal from Houses. Wm. 
Spinks, Assoc. Inst. Second Edition, Revised and Ex- 
tended Blake. With Tables, Extracts from 
Public Health Acts, Metropolis Management Acts, and Model By- 
Laws Relating House Drainage. Biggs Co., London; Van 
Nostrand Company, New York, 1903. 


Die Angewandte Elastizitats- und Festigkeitslehre. Auf Grund 
der Erfahrung bearbeitet von Tetmajer. Zweite, 
umgearbeitete Auflage. Leipzig und Wien, Franz Deuticke, 1904. 


Die Gesetze der und der Druck- 
festigkeit der technisch wichtigsten von 
Tetmajer. Dritte Auflage. Leipzig und Wien, 1903. 


SUMMARY ACCESSIONS. 
October 15th November 10th, 1903. 


Donations (including duplicates)................ 230 
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MEMBERSHIP. 


ADDITIONS. 
MEMBERS. 


FREDERICK WAGONER. Cape May Court House, 


Lapp. Care, International Nickel Co., 
Epwarp. Supt., Heating Dept., Erie City 
Tron Works, 7153 Princeton Ave., Chicago, 
Engr. Chg., New York 
CHAPMAN Superv. Engr., McDonough Constr. 
ALEXANDER. Engr., Caledonian Ry., Bu. 
chanan St. Station, Glasgow, 
Patrick, Mason Instr. Practical Military Eng., 
Military Academy, West Point, ..... 
Asst. Chf. Engr., Chic., St. L., 
Memphis 536 Randolph Bldg., Memphis, 


Ross Pres., Tucker Vinton, 156 Fifth 


(Res., 1823 Kalorama Ave.), Washington, 


ASSOCIATE MEMBERS. 


BEERBOWER, GEORGE Engr., Zoological So- 
ciety, 183d St. and Southern Boulevard, New York 


CUNNINGHAM, JOHN West Pittsburg, Co., 


Drew, Davis. Cambridge, Mass.. 

Isaac. Civ. Engr. with John Roebling’s Jun. 
Sons Co., 301 Spring St., Trenton, J... Assoc. 

Asst. Chf. Engr., West. Allegheny 
Co., 301 Smithfield St., Pittsburg, 


Assoc. 


[Society 
Date 

Membership. 
Oct. 1903 
Dec. 1899 
Nov. 1903 
Oct. 1903 
Nov. 1903 
Nov. 1903 
Oct. 1894 
Oct. 1903 
Sept. 1903 
Oct. 1903 
Oct. 1903 
Oct. 1903 
Nov. 1903 
Oct. 1903 
Oct. 1903 
Jan. 1901 
Oct. 1903 
Oct. 1903 
1903 
Oct. 
June 1899 
1903 
Oct. 1903 
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Date 
Membership. 
Monsarrat, Chf. Engr 
Jun. Feb. 1895 
Sunday Creek Coal Co., 432 Broad St., 


367 Boylston St., Boston, Mass... Nov. 1903 


ASSOCIATES. 
Prin. Asst. Engr., 
The Brooklyn Heights Co., 166 Mon- 


Jun. Oct. 1901 
tague St., Brooklyn, 


Nov. 1903 
JUNIORS, 

Brastow, East 115th St., New York City...... 1903 
Cameron, Chf. Engr.’s Office, Canadian 

Pacific Ry., Windsor St. Station, Montreal, Que., 

Farra. Smith Creek, via San José, Cal... 1903 


Hanna, Care, The Am. Pipe Mfg. Co., 112 
North Broad St., Philadelphia, Pa. Oct. 1903 


Hoyt, Henry Engr., Great Northern Paper Co., 
Millinocket, 


Marx Ordnance Office, War Dept., Wash- 

THomas. 514 Rialto Bldg., St. Louis, Mo.. Nov. 1903 
McCrory, Sou. Box 254, Shreveport, 1903 
CANTRELL. West 34th St., New York City. Oct. 1903 
Porter, JoHN Vilas, Sept. 1903 


195 Hanover St., Annapolis, 


CHANGES ADDRESS. 
MEMBERS. 

ANDERSEN, Box 532, Spokane, Wash. 

ANTHONY, CHARLES, Town Hall, East London, Cape 
Good Hope, South Africa. 

yoke, Mass. 

Davis, ARTHUR Superv. Engr., Reclamation 
Service, Phoenix, Ariz. 

Epwarps, Harry Care, Chihuahua Pacific R., 
Apartado 46, Chihuahua, Mexico. 

510 Manning Chambers, Toronto, 


Ont., Canada. 
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St. Louis, Mo, 

JOSIAH Care, Maurice Lindsay, Tenafly, 

827 Grace St., Richmond, Va. 

Frink, ALEXANDER..... (Frink Hazen, Cons. and Contr. 


Engrs.), 711 Union Trust Bldg. 


(Res., Hotel Condon, Fayette and 


Paca Sts.), Baltimore, Md. 


CHARLES Care, Pneumatic Signal Co., Roches- 
ter, 
WILLIAM Cons. Engr. and Contr., Broad- 


way, New York City. 
NATHANIEL Engr., Dept. Sewers, Bronx, 
Nelson Ave., New York City. 


707 16th St.. Los Angeles, Cal. 

FREDERIC Cons. Engr., Dept. Bridges, New 
York City. 

Harvey Pres., The Lowrie Safe Lock Co., 
118 West Jackson Boulevard, Chi- 
cago, 

Chf. Engr., Yakima Development 
Co., Wilson Blk., North Yakima, 
Wash. 

Engr. Office, Los Angeles, Cal. 

JOHN Pres., O’Rourke Eng. Const. Co., 
Nassau St., New York City. 

ALBERT 817 North Highland Ave., Pittsburg, 

GEORGE Care, The Transportation Club, 42d 
St. and Madison Ave., New York 
City. 

Banks St., West Somerville, Mass. 


THomas Engr., Imperial Rys. North 
China, Tientsin, North China. 


ALEXANDER HAMILTON......... Asst. Engr., Room 507, Colo- 
rado Bldg., Washington, 
St. Marys, Elk Co., Pa. 


ASSOCIATE MEMBERS. 


GUSTAVE 202 Locust St., Harrisburg, Pa. 

CHARLES WORTHINGTON...... Prof. Min. Eng., Colorado School 
Mines, Golden, Colo.; 
213 Boston Bldg., Denver, Colo. 
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CovERDALE, West 30th St., New York City. 

Care, Milliken Bros., Broadway, 
New York City. 

GARDINER, FREDERICK Engr., Manhattan Ry. Co., 
Park Pl., New York City. 

South Africa. 

GLENN DICKINSON............. Prospect Ave., Batavia, 

LEAVENWORTH, GEORGE STEVENS........ Chf. Engr., Powers Mansfield Co., 
280 River St., Troy, 

JOHN Brown, Supt., West Pascagoula Creosote 
Works, Gautier, Miss. 

Perry .......... Cons. Engr., 230 Fourth Ave., W., 

Cons. Civ. and Hydr. Engr. (Folsom 


Bldg., Dayton, Ohio. 


Mesa, ANTONIO Animas 100, Havana, Cuba. 

Buren. .........Tucson, Ariz. 

Roy, 270 Main St., West, Hamilton, Ont., 

Canada. 

Frau Bierwagen, Bayreiither Str. 
27/h, Berlin, W., Germany. 

Strawn, 211 West 101st St., New York City. 

Wess, Engr., 810 Girard Bldg., Phila- 

delphia, Pa. 

Comm., 120 Liberty St., New York 
City. 

Henry and Min. Engr., 204 First Na- 

tional Bank Bldg., Birmingham, 
Ala. 

ASSOCIATES. 
TURRILL, SHERMAN MARSH.............. 114 Willoughby St., Brooklyn, 


Pl., New York City. 


JUNIORS. 

CRAWFORD, JOSEPH EMMANUEL.......... Hotel Roanoke, Roanoke, Va. 

Ogden, 

Miner, James ...-Draftsman, C., Ry., 299 


Salle Ave., Chicago, 
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HEBARD.......... Engr., 8th Floor, St. Paul 
Bldg., New York City. 

Canada. 

GRUNDY..... Care, Virginia Bridge Iron Co., 
Roanoke, Va. 

BERNARD........... Box 487, Ogden, Utah. 

Ala. 


JEROME City, Mich. 


FELLOWS. 


Apams, Madison Ave., New York City. 


DEATHS. 
GREENE, CHARLES Elected Member, January 4th, 1882 
died October 17th, 1903. 
Elected Member, December 6th, 1871; 


died October 25th, 
Junior, July 3d, 1889; died 
November 10th, 1903. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(October 14th November 10th, 1903.) 

Nore. This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possibie. 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth Sc.,Philadelphia, Pa., 

(2) Engrs. Club Phila., 
1122 Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Inst., Philadel- 
phia, Pa., 50c. 

(4) Journal, Western Soc. Engrs., Mo- 
nadnock Chicago, 

(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Canada. 

(6) School Mines Columbia 
Univ., New York City, 50c. 

(7) Technology Quarterly, Mass. 
Tech., Mass., 75c. 

(8) Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 

(9) Engineering Magazine, New York 
City, 

(10) Magazine, New York City, 


(11) Engineering (London), Wiley, 
New York City, 25c. 

(12) The International 
News Co., New York City, 35c. 

(13) News, New York City, 


Inst. 


(14) The Engineering Record, New York 

City, 

Gazette, New York City, 


(16) Engineering and Mining Journal, 
New York City, 15c. 

(17) Street Raiiway Journal, New York 

(18) Railway and Engineering Review, 
Chicago, 

(19) Scientific American Supplement, New 
York City, 10c. 

(20) Iron New York City, 10c. 

(a1) _Engineer, London, 
and, 

(22) Iron and Coal Trades Review, Lon- 
don, England, 25c. 

American Iron and Steel 
Philadelphia, Pa. 

(24) American Gas Light Journal, New 
York City, 

Engineer, New York City, 


Eng- 


(26) Electrical Review, London, England. 

(a7) Electrical World and Engineer, New 
York City, 10c. 

(28) Journal, New 
Assoc., Boston, $1. 

Journal, Society Arts, London, 
Engiand, 


(30) Annales des Publics 


Brussels, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Ecole Spéciales Gand, Brus- 
Belgium. 


(32) Mémoires Compte Rendu des Tra- 
vaux, Ing. Civ. France, 
Paris, 

(33) Paris, France. 

(34) Portefeuille Economique des Ma- 
chines, Paris, 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Paris, France. 

(37) Revue Mécanique, Paris, 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, 

Master Mechanic, Chicago, 

(40) Railway Age, Chicago, 

(41) Modern Machinery ,Chicago, 

(42) Transactions, Elec. Engrs., 
New York City, 50c. 

(43) Annales des Ponts Chaussées, 
Paris, France. 

(44) Journal, Military Institu- 
tion, Governor’s Island, New York 
Harbor, 50c. 

(45) and Minerals, Scranton, Pa., 


(46) American, New York City, 


(47) Mechanical Engineer, Manchester, 


England. 

(54) Transactions, Am. Soc. E., New 
York City, $5. 

(55) Transuctions, Am. Soc. E., New 
Yerk City, $10. 

(56) Transactions, Am. Inst. Min. Engrs., 
New York City, $5. 


(57) Colliery Guardian, London, England. 

Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, Pa., 50c. 

Transactions, Mining Scot- 
London and Newcastle-upon- 

(60) Engineering, 
olis, Ind., 25c. 

(61) Proceedings, Western Railway Ciub, 
225 Dearborn St., Chicago, 

(62) American and Iron 
World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. E., 
London, England. 

(64) Power, New York City, 20c. 

(65) Proceedings, New York Rail- 
road Club, Brooklyn, Y., 

(66) Journal Gas Lighting, London, 

Cement and Engineeying News, Chi- 

cago, 25c 


Indianap- 


(68) Mining Journal, London, 
(69) Mill Owners, New York City, 
ork City, 


(71) Journal, Tron and Steel Inst., London, 
England. 


(70) Engineering Review, New 
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LIST ARTICLES. 
Bridge. 


The Burnett and Kennedy Bridges, Bundaberg, Queensland.* Alfred Joseph Goldsmith 
Inst. (63) Vol. 153. 

Building the Cabul River Bridge India. (14) Oct. 17. 

The Adda Railway Bridge Italy.* (14) Oct. 17. 

The Concrete Viaduct near Riverside, San Pedro, Los Angeles and Salt Lake 
A.C. Ostrom. (13) Oct. 22. 

Novel Type (13) Oct. 22. 

Novel Erection Adopted for the Frans Bridge Villefranche over the 
(13) Oct. 22. 

New Level Bridge over the River Tyne Newcastle, the Northeastern Rail- 
way England.* F.E. Harrison. (40) Oct. 28. 

Movable Railway Incline Bridge New Orleans.* (14) Oct. 24. 

Falsework for Rocky Bottoms (Abstract Report Committee 
the Assoc. Ry. Supts. Bridges and Bldgs.) (18) Serial beginning Oct. 24. 

Flood Damage Bridges Paterson, (13) 29. 

Methods Making Annual Inspection Bridges and Culverts. (Abstract Report 
Committee the Ry. Supts. Bridges and Bldgs.) (13) Oct. 29. 

The Kansas City Flow-Line Bridge Repairs.* Waddell, (13) 
Oct. 29; (14) Oct. 31; Oct. 30. 

Temporary Arrangement Carry Traffic where One Arm Drawbridge Wrecked.* 
(Abstract Report Committee the Assoc. Ry. Supts. Bridges and 
Bldgs.) (18) Oct. 31. 

Concrete Arch Bridge near Mechanicsville, Y.* (13) Nov. 

Erection the Grand Rapids Bridge.* (14) Nov. 

Calcul d’un Are Forme Quelconque: Exposé Méthode Dion dans Toute 
Généralité Suivi Application Numérique.* Lemaire. (30) Oct. 

Reconstruction Pont Frans sur Villefranche.* (33) Oct. 31. 


Electrical. 


Reverse Current Circuit Breakers and the Protection Transmission Lines.* Leonard 
Wilson. (42) Aug. 
Bringing High Tension Conductors into Buildings.* (42) 


ug. 

Wire Protection against Lightning. Ralph Mershon. (42) 
ug. 

Electrical Apparatus for Dielectric Strength. Thomas. (42) 


Choice Frequency for Very Long Lines. (42) Aug. 

Electric Cables for High Voltage Service. Henry Fisher. (42) Aug. 

The Operation and Maintenance High-Tension Underground Philip 
Torchio. (42) 

The Use Automatic Means for Disconnecting Disabled Apparatus. Stott. (42) 


Aug. 
Storage Battery Industrial Locomotives.* Sessions. (42) Aug. 
Energy Transformations the Synchronous Converter. Franklin. (42) Aug. 
Commercial Alternator Design.* Waters. (42) Aug. 
Electric Power Mill and Factory.* Charles W.Startsman. (69) Serial beginning 


Oct. 

Electric Cranes Kiel.* (12) Oct. 

Assoc. for the Advancement Science.) (11) Oct. 

The Glasgow Municipal Telephone System. (26) Serial beginning Oct. 

The Bexley Electric Lighting and Tramway Undertaking.* (26) Oct. 

Experiments for Improving the Construction Practical Standards for Electrical 
Measurements. (Report Committee the British Assoc. for the Advancement 
Science.) (26) Serial beginning Oct. 

The Parallel Working Alternators. Hopkinson. (Abstract paper read before 
the British Assoc. for the Advancement Science.) (26) 

Electric Light and Power (47) Serial beginning Oct. 10. 

The First Transmission Energy Europe Means Triphase Currents.* Emile 
Guarini. (19) Oct. 17. 

The Electric Light and Power Situation St. Louis.* (27) Oct. 17. 

The Co-Operative Telephone Company’s System Detroit, Mich.* (27) Oct. 17. 

Combined Street Railway and Lighting Plant Muskegon, Mich.* (14) Oct. 17. 

Practical Examples with the Calculator Board: Series Notes for Submarine Cable 
Staffs.* Edward Raymond-Barker. (26) Serial begiuning Oct. 23. 

Transmission Hudson River Power.* (27) Serial beginning Oct. 24. 

the Mechanism Electric Power Transmission. Kennelly. (27) Oct. 24. 

The Stone Wireless Telegraph System. Louis Duncan. (27) Oct. 24. 

Photometric the Nernst Lamp.* (27) Oct. 24. 

Generators Preston.* (11) Oct. 30; (12) (26) Oct. 30; 

57) Oct. 30. 


ase Repulsion Motors. William Cramp. (Paper read before the British 
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Electrical—(Continued). 


Steam Turbo-Electric Generating Plants. George Wilkinson. (Paper read before the 
Inst. Elec. (47) Serial beginning Oct. 31; Abstract (26) Oct. 30. 

Improved Method Testing Large Alternators under Full Load Conditions. 
Behrend. (27) Oct. 81. 

Notes Certain Three-Wire Systems.* Charles Mosman. (Paper read before the 
Ohio Elec. Light Assoc.) (27) Oct. 31. 

Motors Elevator Factory and Machine Shop.* (27) Oct. 31. 

Motor-Driven Machine Tools.* (25) 

Electric Searchlights; Their Use and Ashore.* Frank Perkins. (10) Nov. 

The Care Switchboards.* Edwin Creed. (64) Nov. 


Some Practical Points the Design Direct-Current Dynamo-Electric Machines.* 
Cecil Poole. (3) Nov. 
Static Discharges Circuits. Percy Thomas. Nov. 


Factory Turbo-Generator and Electric Power Distributing Plant.* (27) Nov. 
Dublin Three-Phase Central Station.* (27) Nov. 


The Electrical Drive for Machine Tools. Robert Lozier. (27) Nov. 
Turbine Installation the Goodrich Company.* (14) 
ppareil 


lectrique pour Chargement des Cornues Gaz: Systéme Sarrasin. 
Installation 


Marine. 


The Latest Battleships for the United States Navy.* (46) Oct. 17. 
The Imperial German Navy.* Hurd. (10) Nov. 


The Steamship the F'uture, Greater Safety, Comfort, Size and Speed.* Stephen 
Tasker. (10) Nov. 


Radoub Compagnie des Chantiers Kawasaki, Kobé (Japon).* (35) 


t. 
Electrique des Hauts Fourneaux Société Elba.* (33) Oct. 24. 


ct. 
Paquebot Kaiser Wilhelm Bousquet. (33) Serial beginning Oct. 
Les Moteurs Pétrole Bord des Voiliers Péche. Birault. (33) Oct. 31. 


Mechanical. 


Vol. 153. 

Design Sheaves and Drums for Wire Rope. Samuel Diescher. (58) Sept. 

High Grade Wire Rope. Moore. (58) Sept. 

Timber Treating Plants.* Curtis. (4) Oct. 

Consideration the Gaseous Fuel Problem. Henry Morris. (2) Oct. 

Air Separation Cement (Description Michaelis, Jr. (67) Oct. 

The Industrial Haulage System.* Hrolf Wisby. (69) Oct. 

Constructional Details and Costs Recent Extensions (1900-1902), with Notes Work- 
ing Results, the Tynemouth Gas Works, North Shields.* A.Clement Hovey. 
(Paper presented the North England Gas Mgrs. Assoc.) (66) Oct. 

The Retort-Charging Machines.* (66) Oct. 


Borsigs Works.* (11) Serial beginning Oct. 

the Design and Testing Centrifugal Fans for Induced Draught and Other Pur- 
poses. Gilbert, (Paper read before the Mech. Engrs. 
Oct. 

Gas Purification Completely Recover Tar and Ammonia.* 
(66) Oct. 13. 

Manufacture and Uses Carborundum. Fitzgerald. (Paper read before the 
Philadelphia Foundrymen’s Assoc.) (20) Oct. 15. 

Road Vehicles. Worby Beaumont, (29) Serial beginning 

ct. 16. 

Hydraulic Coal Hoist Glasgow Harbour.* Oct. 16. 

Wrightson’s Patent Coal Shipper.* (57) Oct. 16. 

66-Foot Vertical Boring Machine.* (12) 

Commercial Wrought-Iron and Steel Pipe. Franklin Riffle, Am. Soc. (Ab- 
stract Paper read before the Pacific Coast Gas Assoc.) (47) Oct. 17. 

Developments Automobile Construction. Clarkson. (Paper read before the Brit- 
ish Assoc. for the Advancement Science.) (47) Serial beginning Oct. 17. 

Notes the Construction Inclined Retort Settings.* (66) Serial 
beginning Oct. 20. 

Modernizing Large Foundry.* (20) Oct. 22. 

Advantages Steam Turbines for Textile Mills. Austin Dodge. (Paper read before 
the New England Cotton Mfrs. Assoc.) (13) Oct. 22. 

Diagrams for Estimating Hydraulic Machinery. Frank (13) Oct. 22. 

The Miller System Mechanical Refrigeration.* (15) Oct. 23. 

Kilroy’s Stoking Indicator.* (26) Oct. 23. 

New Continuous for Making Ingot Moulds.* (11) Oct. 23. 

The Newcomen Engine* Henry Davey. read before the Inst. Mech. Engrs.) 
(11) Serial beginning Oct. (12) Serial beginning Oct. (22) Oct. 23. 

The Reversibility Thermodynamics. (Abstract Paper read the 
British Assoc. for the Advancement Science.) (47) Oct. 24. 

New Geared Speed Changing Device.* (20) Oct. 29. 
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Rapid-Cutting Tool Steels. (11) Serial beginning Oct. 30; (12) Oct. 30. 


Upon the Sub-Aqueous Storage Steam Coal. Macaulay. (12) 
ct. 


Reverse Curves Rolling Mill.* (12) Oct. 30. 

Steam Turbo-Electric Generating Plants. George Wilkinson. (Paper read before the 
Inst. Elec. Engrs.) (47) Serial beginning Oct. 31; Abstract (26) Oct. 30. 

Modern Cylindrical Grindinz.* C.H. Norton. (Abstract Paper read before the Cin- 
cinnati Metal Tradss Assoc.) (47) Oct. 31. 

Motors Elevator Factory and Machine Shop.* (27) Oct. 

The Foundry and Town Trafford City, Pa.* (14) Oct. 

Works the Marine Engine Machine Company.* (14) Oct. 31. 

The Central Heating Plants Indianapolis. Eldridge. (Paper read before the 
Amer. Soc. Mun. Impvts. (60) Nov.; Abstract (13) Nov. 

Motor-Driven Machine Tools.* (25) Nov. 

Natural Gas Steam Production.* W.R. (45) Nov. 

New Air Compressor.* W.H. Booth. (45) Nov. 

team and Hydraulic Shears German Steel Works.* Frank Perkins. (41) 

ov. 
Developments the Production Water Gas.* Humboldt Sexton. (9) 
ov. 
the Design Locomotive Boilers and Fireboxes.* Chas. Lake. 

Superheated Steam for Steam Engines; With Special Reference the McPhail 
Simpson’s System.* John Goodman, (10) Nov. 

Fuel Losses Steam Plants, and How Determine Them. George Barrus. (10) 


Oil-Fired Furnaces.* Bell, Inst. (10) Nov. 

Notes the Operation Large Carburetted Water Gas Sets. Cullen Morris. 
(Paper read before the Amer. Gas Light Assoc.) (24) Nov. 

Tube Stamping Company’s Steel Plant Bridgeport, Conn.* (20) 

ov. 
Rapid Reduction the Lathe Compared with Forgings.* Frank Kleinhans. (13) 


The Plant the Buckhorn Portland Cement Co.* Richard Humphrey. (13) Nov. 

The New Sturtevant Foundry and Some Details Its Inter-Transportation System.* 
Nov. (14) Nov. (20) Oct. 29. 

The Steam Turbine Installation the Goodrich Company.* (14) 

TheElectrical Drive for Machine Tools. Robert Lozier. (27) Nov. 

Factory Turbo-Generator and Power Distributing Plant.* (27) Nov. 

The Policy Gas Enrichment London Practice). Arthur Graham Glas- 
gow. (Paper read before the Amer. Gas Light Assoc.) (24) Nov. (66) Oct. 27. 

Les Machines Vapeur Surchauffée. Alfred Vanderstegen. (31) Vol. Part 

Théorie Elémentaire des Turbines Vapeur. Rateau. (37) Sept. 

Mode Transport Distribution pour Commande des Grues Port 
Comparatif. Lambert and Eug. Frangois. Sept. 

Récherches sur Transmission Chaleur dans les Appareils d’Evaporation Mul 
tiple Effet.* (32) Sept. 

Nouveau Gazogéne Renversée.* Jules Deschamps. (32) Sept. 

pour Chargement des Cornues Gaz: Systeme Sarrasin. (34) 


ct. 

Appareil Alcool Dénaturé.* Edmond Brunet. (36) Oct. 10. 

Etude Dérapage des Automobiles. Résal. (33) Serial beginning Oct. 17. 

Manufacture Draps Villeneuvette (Hérault).* Francis Marre. (33) Oct. 31. 


Metallurgical. 


History the Furnace. Woodbridge Birchmore. (69) Serial beginning Oct- 

Borsig’s Works.* (11) Serial beginning Oct. 

The Effect Flue Dust upon the Thermal Efficiency Hot Blast Stoves.* 
Thwaite. (62) Oct. 15. 

Kennedy Top.* (62) Oct. 15. 

Improvements the Cyanide Assay for Copper. (16) Oct. 17. 

Continuous Filter Press.* (16) Oct. 17. 

The Magnetic Concentration Iron Ore New Jersey.* (20) Oct. 22. 

The Morse Apparatus for Gauging Temperatures Heated Substances.* (20) Oct. 22. 

Slimes Treatment the Rand.* H.S. Denny. (16) Oct. 24. 

The Estimation Gold Cyanide Solutions. Henry Cassel. (16) 
Oct. 31. 

The Foundry and Town Trafford City, Pa.* (14) Oct. 31. 

Electrolytic Copper Refining. Wilder Bancroft. (Paper read before the Amer. 
Electrochemical Soc.) (45) Nov. 

Tube Stamping Company’s Steel Plant Bridgeport, Conn.* (20) 

ov. 


Finely Divided Iron Ore. Léonce Fabre. French.) (19) 
ov. 
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Various Methods for the Estimation Ferrocyanides. Clennell. 
ov. 


Les Progrés Métallurgie, Celledu Fer 1901 1902.* (34) Serial 
beginning Oct. 

Installations des Hauts Fourneaux Société Elba.* (33) Oct. 24. 

Les Hauts Fourneaux Schneider Cie. Cette.* Francis Marre. (36) Oct. 25. 

Les Procédés Aluminothermiques.* Emile Dieudonné. (36) Oct. 25. 

Military. 


The Manufacture and 


‘ 


Efficiency Armour-piercing David Carnegie, 


The Webley-Fosbery Automatic Revolver.* Frederick Foltz. (44) Nov.-Dec. 
Mining. 


Notes Gold Dredging. Gilbert Winslow, Assoc. Inst. (63) Vol. 


Notes Clapwell Colliery. Maurice Deacon, Inst. (Paper read before the 
Inst. Min, Engrs.) (57) Oct. 


Prospecting Gold Dredge with Steel Hull.* (68) (16) Nov. 
Electric Pumping Plant Dortmund.* (26) Oct. 16. 
the Indian Territory—The Southwestern Field.* (16) 


Portable Tank for Watering the Mines. Galloway. (57) Oct. 23. 

Hydraulic Mining the Quesnelle. Brewer. (16) Oct. 31. 

Diamond Drilling West Africa.* Justice. (Paper read before the Inst. Min. 
and Metal.) (45) Nov. 


Equipment the Kimberley Diamond Mines. Chas. Allen. (9) 


Ore Quarrying the Boundary District British Columbia.* Jacobs. Nov. 
Miscellaneous. 


The Folly Reckoning Gallons, Which Differ Widely Canada and the United 


States, while All Countries Have Identical Liters and Cubic Meters. Frederick 
Brooks. (28) Sept 


Sept. 
Technical Education—What Should be. Louis (9) Nov. 
Municipal. 


Some Observations Street Pavements. Am. (13) Serial 
Oct. 22. 
Difficult Street Intersections.* (14) Oct. 24. 


the Metropolitan Park System, Boston. Kellaway. 
14) Oct. 24. 


Report Committee Park Improvements and Maintenance. Parker. (Report 
Committee Amer. Soc. Mun. Impvts.) (60) Nov. 

Pavements Indianapolis.* (Paper read before the Amer. Soc. Mun. 
Impvts.) (60) Nov. 

Medina Sandstone Pavements (Paper read before 
the Amer. Soc. Mun. Impvts.) (60) Nov. 

Pavements Newark, Adam. Paper read before the Amer. Soc. Mun. 
Impvts.) (60) Nov. 

The Construction Warren’s Bitulithic Pavement. (Paper read before 
the Amer. Soc. Mun. Impvts.) (60) Nov. 

Wood Paving Specifications Greater New York. (Paper read before 
the Amer. Soc. Mun. Impvts.) (60) Nov. 

The Development the Kreodone Block Pavement. Reilly. (Paper read before 
the Amer. Soc. Mun. Impvts.) (60) Nov. 

The Cost Brick Pavements. Fred Giddings. (Paper read before the Amer. Soc. 
Mun. Impvts.) (60) Nov. 

The Passing the Cobblestone. Geo. (Paper read before the Amer. Soc. 
Mun. Impvts.) (60) Nov. 

Asphalt Pavements and Their Maintenance Rochester, Stewart. (Paper 
read before the Amer. Soc. Mun. Impvts.) (60) Nov. 


Railroad. 


Mountain Railways.* George Deuchars, (53) Vol. 153. 

The Construction the Mountain Section the Cairns Railway, Queensland. George 
Alexander Hobler, Assoc. (63) Vol. 153. 

Permissible Wheel-Load per Foot Wheel Diameter, and per Inch Breadth Rail- 
Head. Francis Joseph Edward Spring, Inst. (63) Vol. 153. 

The Storage Battery Substations (on Interurban Roads).* Goldsborough and 

Some Notes the Operation Railway Motors Service.* Clarence Renshaw. (42) 


ug. 

Storage Battery Industrial Locomotives.* Sessions. (42) Aug. 
Predetermination Railway Work. W.Carter. (42) Aug. 
Car Tests.* Goldsborough and Fansler. (42) Aug. 
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Railroad—( Continued). 


Effect Cylinder Clearance upon Steam Consumed doing Specific 

Special Reference Locomotive Practice.* Ira Hubbell. (65) 
ept. 18. 

The Proportions Modern Locomotives. Lawford Fry. (65) Sept. 18. 

Railway Maintenance-of-Way. H.J.Slifer. (4) Oct. 

Railroad Reconnaissance.* Willard Beahan. Oct. 

Steel Frame Side-Door Suburban Cars the Illinois Central R.* (39) Oct. 

Consoiidation Locomotives the Northern Pacific Railway.* (39) Oct. 

Electric Locomotive, Baltimore Ohio Railroad.* (39) Oct. 

Caboose, Chicago, Burlington Quincy Railway.* (39) Oct. 

Timber Treating Plants (for ties).* Curtis. (4) Oct. 

The Tie Problem; with Special Reference Concrete Ties.* Kimball, Am. 


Reduction Locomotive Fuel Consumption.* (Report Committee the Amer. Ry. 
Master Mechanics’ Assoc.) (12) Oct. 
Recent Improvements the Oregon Short Line R.* Hardesty. (13) Oct. 15. 
The Brilliant Cut-Off the Pennsylvania Pittsburg.* (40) Oct. 16. 
Pittsburg Lake Erie Atlantic Locomotive.* (40) Oct. 16. 
Steel Coal Cars for the Burlington.* (40) Oct and Oct. 23; (18) Oct. and Oct. 24. 
The New York Terminal the Pennsylvania R.* Oct. 16. 
Brunel and the 7-Ft. Gage.* Herbert Walker. (15) Oct. 
Steam and Electric Railway Crossings. Charles Barnes. (Paper read before the St. 
Ry. Assoc. the State Y.) (17) Oct. 17. 
Power Transmission for Interurban Lines. before the St. Ry. 
Assoc. the State Y.) Oct. 17. 
New German Single-Phase Railway ystem.* (17) Oct. 
Locomotive Boiler with Water-Tube Firebox.* (47) Oct. 17. 
Tunnels for the New York City Terminus the and Long Island Rail- 
roads.* (14) Oct. 17; (13) Oct. 15. 
General Track Work. Morrison. Paper read before the Roadmasters’ 
and Maintenance Way Assoc.) (18) Oct. 17. 
Track Tools—Their Use and Abuse. J.C. Rockhold. (Abstract Paper read before the 
Roadmasters’ and Maintenance Way Assoc.) (18) Oct. 17. 
The New Canadian Transcontinental Railway.* (13) Oct. 22. 
Track Notes the Illinois Central. (40) Oct. 28. 
Tandem Compound Express Locomotive —Russian Railways.* (12) Oct. 23. 
Ciass Mogul (2-6-9) Locomotive for the Oct. 
Interurban and (17) Oct. 24. 
Roadbed Construction for Fair Intramural Railway.* (17) Oct. 24. 
Construction the Railroad Across Salt Lake.* (46) Oct. 24. 
General Instructions Locating Engineers; Issued Wm. Ashton, Resident Engineer, 
Oregon Short Line (14) Serial beginning Oct. 24. 
Improvement Railway Terminal Facilities St. Louis, Mo. (13) Oct. 29. 
The Knox Steel Railroad Tie.* (20) Oct. 29. 
The Proper Scope Railway Standards and the Requirements Which They Should 
Fulfill. Hendricks. (40) Oct. 30. 
Locomotive for the (40) Oct. 30. 
Experiments with Stacks and Exhaust Pipes.* Symington. (Extracts from 
paper presented before the Richmond Club.) (15) Oct. 30. 
London and Brighton Railway Widening.* (11) beginning Oct. 30. 
Four-Cylinder Compound Locomotives. (12) Oct. 30. 
The Pennsylvania Railroad Tunnel under New York City.* (40) Oct. 30. 
Improved Alloys for Car Bearings. (40) Oct. 30. 
San Mateo Extension the United Railroads San Francisco.* (17) 
Twelve Direct-Current Railway France.* (17) Oct. 31. 
The New Union Railroad Station Washington, (14) Oct. 31. 
Strength Locomutive Steam Chests.* (39) Nov. 
Composite Gondola Cars the Chicago, Burlington Quincy Ry.* (39) Nov. 
Mogul Locomotives for Japan, Kiushiu Railway.* (39) Nov. 
Santa Freight Locomotives, Ry.* (39) Nov. 
the Design Boilers and Fireboxes.* Chas. Lake. 
Nov. 
New Locomotive and Car Shops, McKees Rocks, Pa., Pittsburgh Lake Erie Railroad.* 
(25) Serial beginning Nov. 
eaviest Locomotive Ever Built: Atchison, Topeka Santa Railway.* (25) 
ov. 
Locomotive Building Germany.* Borries. (10) Nov. 
Extensive Water Softening Installation, Pittsburgh Lake Erie Railroad. (25) 
Serial beginning Nov. 
Locomotive, Lake Shore Michigan Southern Railway; 2-8-0 Type.* 
25) Nov. 
New Passenger Locomotives, Pittsburg Lake Erie Railroad, 44-2 Type.* (25) Nov. 
New Freight House for the Baltimore Ohio.* (40) Nov. 
The Farlow Draft Gear.* (15) Nov. 
Three-Position Signals vs. Separate Home and Distant. (Report Committee Ry. 
Signaling Club.) (15) Nov. (40) Nov. 
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Railroad—(Continued). 


Progress Power Signaling England. Charles Grinling, (15) Nov 


Foundation Brake Gear for High-Pressure Control.* (Report Committee Ry. 
Signaling Club.) (15) Nov. 


The Conestoga Traction System.* (17) Nov. 


Notes Railway Location Forest Country. 


Moses Burpee, Am. Soc. (14) 
ov. 
Systeme Nouveau dit des Leviers pour Commande Distance des Ai- 


(38) Oct. 


Chemin Fer Vésuve.* (38) Oct. 
Railroad, Street. 


High-Speed Electric Railway Problems. A.H. Armstrong. (42) Aug 


Some Recommendations Concerning Electrical and Mechanical Trolley 
Insulators.* Samuel Sheldon and John Keile (42) 


Track Construction and Maintenance. Thomas Wilson. 


Paper read before the 
St. Ry. Assoc. the State Y.) (17) 17. 
Power Transmission for Interurban Lines. Storer. (Paper read before the St. 
Ry. Assoc. the State (17) Oct. 17. 
Steam and Electric Railway Crossings. Charles Barnes. (Paper read before the 
St. Ry. Assoc. the State Y.) (17) Oct. 17. 


(19) Oc 

Combined Street Railway and Lighting Plant Muskegon, Oct. 17. 

New Method Tunneling under Broadway, New York.* (14) 

Harlem River Tunnel the Rapid Transit Subway.* (46) Oct. 

The Brooklyn Tunnel the New York Rapid Transit Railroad. (14) Oct. 31. 

New Sub-Station the Portsmouth, Kittery York Street Railway.* (17) Nov. 

Novel Convertible Car.* (17) Nov. 

The Construction the Boston the Boston Subway System.* Robert 
Farwell. Serial beginning Nov. 

Métropolitain Voies Glissantes.* (36) Oct. 10. 


Sanitary. 


Sewage Disposal System for Country Residence.* (70) Sept. 
Plumbing the Rapid Transit Railroad Stations, New York.* Oct. 
for Plumbing and Sewer Connections the St. Louis Exposition. 


(70) 

ct. 

Works for the Bacterial Treatment Sewage. Stuart Davies. (11) 
ct. 9. 

Rock Trench-Work, Boston, Mass. Frederick Winslow. (13) Oct. 22. 

British View the Bacterial Treatment Sewage. Samuel Rideal. 

Paper read before the International Congress Hygiene.) (13) Oct. 

Sewage Disposal Hebden Bridge.* (12) Oct. 23. 

The Disposal New York’s Refuse.* (46) Oct. 24. 

Baltimore’s System Garbage Disposal.* (46) Oct. 31. 


Perviousness Sewers. Folwell. (Paper read the Amer. Soc. Mun. 
Impvts.) (60) Nov.; (14) Nov. 


Structural. 
Timber Treating Plants.* Curtis. (4) Oct. 


The Relative Strength Wet and Dry Concrete. James Sussex. (From The Tech- 
nograph.) (67) Oct. 

Effect Clay the Strength Concrete. Richey and Prater. (67) Oct. 

Sound and Unsound Portland Cements. (67) Oct. 


Borsig’s Works.* (11) Serial beginning Oct. 


Fireproof Does Afford Added Fire Protection? Perez Stewart. 
(13) 


Concrete Reinforcement.* Julius Kahn, Assoc. Am. Soc. (40) (14) 
Oct. 17; (13) Oct. 15; Oct. 16. 

Certain Vexatious and Fallacious Cement Tests now Vogue. Butler. 
read before the Soc. Engrs.) (12) Oct. 

Interlocking Piling for Power House Foundations.* (14) Oct. 24. 

Notes the Microstructure Steel. James Howard. (20) Oct. 29. 


Testing Brittleness Steel.* (Paper read before the British Assoc. for the 
Advancement Science.) (62) Oct. 


Fractures and Characteristics Iron and Steel.* Griswold. (64) Nov. 


al 10 

The Piant the Portland Cement Co.* Richard (13) Nov. 

New Type Reinforced Hollow Tile Wall Construction.* (13) Nov. 

The Pabst Hotel and Majestic Theater. (14) Nov. 


(Paper 
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Structural—(Continued). 


Bronzes Laitons Entrant dans Confection Diverses Piéces Machines 
Robinetterie.* Ern. Roussel. (31) Vol. Part 


des Accidents dans les Travaux Paul Razous. (33) 


Topographical. 


Topographical Surveying.* (4) Oct. 
Recent Measures, Precise Leveling, and Triangulation.* Bald- 
win. (2) Oct. 


The Determination the Longitude Honolulu, 1555-1903. John Hayford, Assoc. 


Water Supply. 


Recent Irrigation the Punjab.* Sidney Preston, Assoc. (63) Vol. 153. 
Water Long Pipes. George Maxwell Lawford, Inst. (63) 
ol, le 
The Irrigation-Weir across the Bhadar River, Kathiawar. John James Bourne Benson, 
Assoc. (63) Vol. 153. 


the Orange River Colony Refugee Camps. Henry Trollope. (63) 


ol. 153. 

Water Works Statistics for the Year 1902, Form Adopted the New England Water 
Works Association compiled Charles (28) Sept. 

The Significance Bacteriological Methods Water Analysis. C.-E. Wins- 
low and Nibecker. (7) Sept. 

History and Description the Montreal Water Works.* George Janin. (28) Sept. 

Service Boxes the Montreal Water Works.* Lesage. (28) Sept. 

The Lawrence Filter.* (28) 

Conservation and Increase Subterranean Water.* Mawson. (12) Oct. 

The Methods and Cost Installing Meters (13) Oct. 22. 

Transmission Hudson River Power.* (27) Serial beginning Oct. 24. 

The Dam and Other Works for the Water Supply Denver, Colorado.* (14) 

24. 

The Indianapolis Water Company. Davis. (Paper read before the Amer. Soc. 

The the Sixty-Inch Reinforced Conduits Newark, J.* Morris 
Sherrerd. (Paper read before the Amer. Soc. Mun. Impvts.) (60) Nov. 

Some Sources Error Water Treatment. Flynt. (9) Nov. 

Extensive Installation, Pittsburgh Lake Erie Railroad. (25) 
Serial beginning Nov. 

Hollow Concrete-Steel Dam Theresa, Y.* Ambursen Sayles. (13) Nov. 

English Water-Softening Plant. (14) Nov. 

Small Open Sand Filter Reading, Pa.* (14) Nov. 

Les Barrages d’Assyout Systéme Général des Irrigations 
(33) Serial beginning Oct. 10. 


Waterways. 


Measurements the the Narrows the Rio Hondo and San Gabriel, Cal- 
ifornia.* Slichter. (14) Oct. 17. 
Holding Power Ballast Timber Cribs. (14) Nov. 
Electrical Equipment the Miami-Erie Canal.* Charles Ricker. Nov. 


par Comprimé Nouvelles Cales Léches, Kiel.* (33) 
24. 
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AMERICAN SOCIETY CIVIL ENGINEERS. 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE BREAKWATER BUFFALO, NEW YORK. 


The City Buffalo, Y., situated the foot Lake Erie, 
practically the eastern terminus most the lake traffic, the 
natural barrier intervened the Falls Niagara River preventing 
water communication with Lake Ontario, except through the inade- 
quate Welland Canal. This natural obstruction has aided building 
large commercial city, with immense water traffic. 

The present harbor Buffalo may said made two 
parts, one comprising the inner harbor, formed the natural stream, 
Buffalo Creek, and the artificial channel, named the City Ship Canal; 
and the other, the outer harbor, formed chain breakwaters, 
extending southeast along the lake front, from Fort Porter Stony 
Point, distance more than miles. 

With hardly exception, the grain elevators, freight and storage 
warehouses, and coal-transfer trestles, are the banks the first- 
named, inside waterways, affording ready water communication, while 
access railroads provided tracks, paralleling the waterways 
the rear the above-named structures. 


papers are issued before the date set fur presentation and discussion. 
Correspondence invited from those who cannot present the meeting. and may 
sent the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers, with discussion 
full, will published Transactions. 
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BUFFALO BREAKWATER. 949 


The practical completion the stone (or rubble-mound) section 
the breakwater, December, 1902, forged the last link the chain 
harbor protection which undoubtedly without par- 
allel the United States. This structure part the 
breakwater, known the Extension Stony Point, and has been 
building since 1897, under the direction Major (now Colonel) 
Army. may opportune state here that much the matter 
contained this paper has been gleaned from Government reports 
this engineer officer and his predecessors, especially Captain 
Mahan (now Major, retired), well from information and data col- 


lected the writer his official capacity United States Assistant 
Engineer. 


faces the open lake, possesses natural harbor. The 
only safe place, originally, where vessels could lie, could receive 
and discharge cargoes, was the area within the mouth Buffalo 
Creek, which stream, previous the construction the harbor, was 
exceedingly difficult euter, long outer bar gravel confining its 
channel inshore, and causing its entrance into the lake nearly 
parallel with the shore. For this reason the mouth Buffalo Creek 

closed navigation most the year, even the smallest ves- 
sels Freshets, occasionally, opened channels across the 
bar, but these were soon closed again the waves the lake. Thus, 
the current the stream and the action the lake caused continual 
shifting the bar. 

The earliest record the navigability this harbor dates back 
April 10th, 1818, when the Legislature the State New York passed 
act, authorizing the survey Buffalo Creek, with view building 


harbor, and directing that the surveyor should paid day for 
his services. 


The survey was made gratuitously the Hon. William Peacock 
during the summer 1818. order build the harbor, the State, 
1819, loaned $12 000, proper security, committee citizens. 
Samuel Wilkeson superintended the construction, which was com- 
menced 1820, and finished 221 days, 1821. See piers marked 


} 
ire 
} 
i 
| 
q 
| 


950 BUFFALO BREAKWATER. 


The work consisted two parallel piers the mouth Buffalo 
Creek. The south pier was hewn timber cribs filled with stone, and 
extended one-quarter mile into the lake, ft. water. The north 
pier was double row piles filled with brush and sand. The piers 
concentrated the current, and practically removed The original 
cost this work was $14 000. 

Here may proper say few words regarding the 
the- Water, the pioneer steamboat above Niagara This boat was 
built Black Rock, and launched Thursday, May 28th, 1818. 
was about 150 ft. length and ft. beam. The motive power was 
square, cross-head, low-pressure engine, quite complicated its 
parts, with ponderous fly-wheels and superabundance counter- 
balance weights. The main cylinder was ins. diameter, with 
4-ft. stroke. The boiler was ft. diameter, with two large direct 
flues, and four return The paddle-wheels were ft. diam- 
eter, with buckets ft. long. The average speed this boat, 
favorable weather, was about miles per hour. 
rigged with two masts for carrying sail. 


was also 
The boat made several trips 
Detroit, Mackinaw and Green Bay, and was wrecked Thursday, 
November 1821, near the present south pier, during violent 
gale. 

1825 the Erie Canal was completed Buffalo, and 1826 the 
piers the mouth Buffalo Creek passed into the control the 
United States, who rebuilt and have ever since retained charge 
them. 


The various projects for the formation harbor Buffalo are 
summarized follows: 

For proper understanding this summary, reference made 
Plate map the harbor and portion the city fronting 
thereon. 

1830 was determined construct cross- sea- wall nearly 
right angles the eastern end the south pier, prevent the sea 
from making breach there. 1835 Lieutenant Brown, 
Engineers, submitted project for the formation spacious harbor, 
extending the Black Rock breakwater from Bird Island within 
000 ft. the new Buffalo Lighthouse. This proposed harbor would 
have occupied that portion the lake front now bounded the 
north Porter Avenue and the south Street. This 
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PLATE 

PAPERS, AM. SOC. 
NOVEMBER, 190 

LOW BUFFALO BRE 


EXPLANATION, 


Original South Pier, built 1820-21. 

Original North Pier, built 1820-21, 

D). September 30th, 1839, Not built, 


F) ‘Not Built, 

and Board Engineers, 1867-68, Breakwater 4000 ft. long, 

Extension Breakwater 3609 ft.; also proposed shorearm 


breakwater cribwork and piles, making enclosed 
harbor about 300 acres. Board Engineers, 1873-74. 
Project Board Engineers July 1895, 
Extension Stony Point, 
Major Symons, April 6th, 1896, 
J; Stone Breakwater, 7261 ft. 
South Breakwater, timber crib, ft. 
.L: Stony Point Breakwater, timber crib, 2803 ft. 
M: :\North Breakwater, 2200 ft. 1899-1900-1901, 


Scale, Mile 


Dots Contours indicate Depths Fathoms. 
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project was not adopted the time, but was partially realized later 
the construction the Erie Basin and the Bird Island Pier the 
State New York. The latter structure forms part the Erie Canal 
system, its purpose being divert some the waters Lake Erie 
into what called Black Rock Harbor, which, virtually, the main 
feeder the Erie Canal. 

the present time the United States Government improving 
that part the lake front lying between the south end Bird 
Island Pier and the Erie Basin, dredging ft. This project 
known the Improvement Lake Erie Entrance Black Rock 
Harbor and Erie Basin, and was authorized the River and Harbor 
Act June 13th, 1902. 

1837 was proposed extend the sea-wall southward one 
mile. This work was duly executed. Its location along the beach, 
southeasterly direction from near the mouth Buffalo Creek. 
Its object was prevent the encroachment Lake Erie. portion 
the work earth mound faced with masonry, the remainder 
masonry structure. Its construction was stopped 1867, which 
time had total length 720 which there were 080 ft. 
built with coping, 319 ft. without coping, and 321 ft. foundation 
only. 

September 30th, 1839, Captain Williams, Corps 
Topographical Engineers, submitted project for the formation 
harbor north the mouth Buffalo Creek, consummated 
extending the south pier into ft. water and building detached 
breakwater protect the entrance. See projects marked and 
Plate 

November 15th, 1844, Colonel Abert, Corps Topo- 
graphical Engineers, reviewed this plan, stating that there is, 
fact, harbor, properly speaking, Buffalo. There extensive 
line wharf and dock room the creek, which vessels load 
unload, but there harbor within the protection which 
revenue national vessel can lie anchor. 


The plan recommended the construction breakwater upon the 
so-called Horse Shoe Reef, about 650 ft. from the northern shore; 
the breakwater about 700 ft. long; its western end about 
100 ft. from the Black Rock pier; and its eastern end about 800 ft. 
from proposed extension the south pier, this extended 
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about 400 ft., throw its southern extremity sufficiently 
beyond the breakwater the Horse Shoe Reef. This would have 
given sheltered harbor 400 ft. long and 100 ft. wide, throughout 
the greater part which there would have been from ft. 
water. 

1845 Board Engineers considered two projects for outer 
harbor. The first, for detached breakwater, 100 ft. long, north 
the lighthouse pier, the second, also for detached breakwater, but 
south ofthe same locality, 050 ft. long. See project marked 
Plate The Board recommended the south breakwater the 
most suitable, and also reported that should the demands com- 
merce require its extension some future period, might 
extended even Four-Mile Point, e., Stony Point; and, also, that the 
northern one might some day become necessity. See Fig. 
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matter interest note that the lines these proposed 
breakwaters approximate closely the location the old and north 
breakwaters, actually constructed number years afterward, and 
the prophecy the extension Stony Point has already become 
accomplished fact. 

The type structure the Board Engineers 
1845 shown Fig. essential features were three cribs under 
water, surmounted masonry structure. The lower tier (resting 
upon the lake bottom) ft. wide, and composed five courses 
18-in. square timbers. The next tier ft. wide, eight courses 
high, 12-in. square timbers. The top tier ft. wide, having 
eight courses 12-in. square timbers. The cross-section the 


| 
| q 
7 
7 
"ater 
=> 
| 
. 


BUFFALO BREAKWATER. 953 


masonry, shown Fig. was built top the last tier, 
with its base below low-water level. The face stones were ft. 


High Water ~ 
a 


Low Water 


CROSS-SECTION 
PROPOSED TYPE OF BREAKWATER 


FOR AN OUTER HARBOR 
FOR BUFFALO, N.Y, 


long, ft. wide and ft. thick, laid alternately headers and 
stretchers. The cost 100 lin. ft. this proposed structure was 
estimated follows: 


$22 
222.70 
Total cost for 100 lin. 


This project was never carried out. 
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Meanwhile, the City dredged Buffalo Creek for interior harbor, 
and, 1848, extended its area digging the Blackwell Ship Canal, 
200 ft. wide and ft. deep. 

June, 1867, General Cram submitted project for the 
enlargement and repair the harbor. This was modified Decem- 
ber, 1867, and 1868 the modification was referred Board 
Engineers, which recommended certain repairs the piers the 
mouth Buffalo Creek and the deepening the channel between 
them, which work was duly executed. They also proposed the 
shortening the Erie Basin breakwater, and the construction 
canal from Buffalo Creek the lake, about miles south the 
south pier. These two items were rejected. However, the most 
important recommendation this board was the project for 
detached breakwater about ft. water, beginning point 
the prolongation the south pier and 500 ft. from the lighthouse, 
thence running southward parallel with the shore for 
cribwork filled with stone and decked with plank; have 
rectangular cross-section; the width 294 ft. water ft., 
and case less than the total height from the bed the lake 
the top the deck; and the top ft. above the highest 
water known. 

accordance with this recommendation, the construction was 
duly authorized, and the contract for the northern end let Messrs. 
Bailey and Denny. The first crib was sunk June 7th, 1869, from 
which date begins the creation Buffalo’s outer harbor. 

Board Engineers, convened 1873 and 1874, 
the construction sand-catch pier, formed pile pier, 
ft. wide, covered ft. superstructure, and extending the 
12-ft. contour thé lake, thence prolonged the same direction 
length 270 ft. cribwork, ft. wide, having super- 
structure ft. high, the shore end the pile pier be. connected 
with the railroad bulkhead behind it, close row piles. This 
pier was begin point opposite the south end the City Ship 
Canal. 


The Board also recommended that the detached breakwater 
lengthened 600 ft., thus giving total length 600 ft., instead 
000 ft., adopted the project arm was added, 
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built leave fair-weather opening 150 ft. between and 
the main structure, and have direction 45° with the shore line 
until reached the sand-catch pier, prolonged meet it. 
ject marked Plate 

The sand-catch pier was serve the double purpose arresting 
the movement sand along the shore movement tending shoal 
the entrance Buffalo Creek), and also close the south end the 
new harbor, thus making, with the completed breakwater, basin 
with smooth anchorage ground 300 acres outside the con- 
tour. The sand-catch pier was begun the fall 1874, and was 
completed 1897, having reached length 148 ft. 

The shore-arm breakwater, authorized 1874, and, connection 
with the sand-catch pier, intended form the southern boundary 
the proposed harbor, was begun 1893. the ft. under con- 
struction, 800 ft. had practically been completed, when, October 
14th and 15th, severe storm from the southwest wrecked the entire 
structure. For more than hours during this storm the wind 
velocity was greater than miles per hour, reaching maximum 
miles. 

this date, the various approved projects for harbor, with 
their modifications, may summarized follows: The two piers 
the mouth Buffalo Creek, the north pier, 775 ft. Jong, and the south 
pier ft.; masonry sea-wall ft. long, running southeast 
from the south pier, detached breakwater, 600 ft. long, parallel 
and about one-half mile from the shore; sand-catch pier, 148 ft. 
long, and shore arm, proposed length about 000 ft., close 
the south end the space between the breakwater and the shore. 

The wrecking the shore arm directed attention toward increase 
the harbor area. 1894 the extension the breakwater 
Stony Point received considerable public attention. July Ist, 
1895, Board Engineers submitted plan for this extension, the 
essential features which were: The construction five isolated 
breakwaters, three each 900 ft. long, one 400 ft., and shore 
arm 400 ft.,atotal 500 ft. were separated open- 
ings about 350 ft. wide. The structure was rubble 
mound resting upon artificial foundation secured trench 
excavated bed-rock, and refilled with gravel the lake bottom. 
this foundation was proposed build structure small rip- 


See pro- 
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rap height about ft. below mean lake level, and upon this 
build with large stone, weighing from tons, about ft. 
above that level. The large stones were deposited irregularly 
wall along the axial line the proposed structure and with such 
side slopes could conveniently made stand. was expected 
that the action the waves would reduce the height and flatten the 
slopes down position ultimate stability. The cost the pro- 

posed was estimated 200 000. See project marked 
Plate See also Fig. 11, page 989. 

The project the Board Engineers was reviewed critically 
Major Symons, who assumed charge the Buffalo District 
October 14th, 1895, and who modified the plans materially. The 
changes made were the building two breakwaters place five, 
with only one opening 600 ft. between them. See project marked 

The breakwater was also located farther seaward, thus adding 
considerable area the harbor. The main breakwater was have 
length 700 ft.; 000 ft. consist the rubble-mound type, and 
the remaining 700 ft. timber cribwork filled with stone, 
artificial foundation, obtained excavating trench and refilling 
with sand and gravel. The other breakwater was jut out from the 
shore Stony Point 800 ft., and consist timber cribwork founded 
manner similar the main section. See Figs. 12and 13, page 989. 

The work was duly authorized the River and Harbor Act 
June 3d, 1896. The contract was let Messrs. Hughes Brothers and 
Bangs, Syracuse, Y., January 27th and 28th, 1897, for 
765 450.63. 

The most northerly government breakwater Buffalo called the 
North Breakwater, and structure 200 ft. long, covering and pro- 
tecting the entrance Erie Basin and Black Rock Harbor and the lake 
front between the New York State structures known the Erie 
Basin Breakwater and the Bird Island Pier. Its construction was 
authorized the River and Harbor Act March 3d, 1899. See 
project marked Plate LVIII. 


BREAKWATER. 


The location this structure, now locally known the Old 
Breakwater shown Plate LVIII. Its northern extremity 
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point almost due west 500 ft. from the lighthouse the west end 
the South pier. extends thence southeast for 609 ft., with 
and about ft. from the shore, and water ranging from 
separaie timber cribs filled with stone, uniform length ft., 
with their tops sunk approximately mean lake level. 

the northern end, for 926 ft., the cribs are ft. wide; this 
followed section ft., which the cribs are ft. wide, 
and those the remaining section, 715 ft. long, the southern end, 
are ft. wide. 

This entire substructure was originally surmounted continuous 
superstructure timber cribwork filled with stone, and the same 
width the substructure. the beginning, this superstructure was 
only ft. high, but later, 4-ft. parapet, ft. wide, was added the 
lake side. 

The construction was begun June 7th, 1869, when the first crib 
was sunk. The last one was placed 1893, the timber crib superstruct- 
ure being finished October 13th, more than twenty-four years 
having been occupied the original construction. 

Owing the long period occupied the building, became 
necessary, long before the completion the project, make extensive 
repairs the superstructure, due the natural decay the timber, 
and its consequent destruction storms. For this reason the present 
superstructure consists three types: continuous timber cribwork 
filled with concrete monolithic structure, and concrete-shell 
structure filled with rubble. 

Many the early harbors Lakes Erie and Ontario were formed, 
Buffalo, the building parallel jetties, piers, the 
mouths the larger streams, dependence being placed floods 
scour out the contracted channel between them. Later, the draft 
vessels increased, course, sufficient depth water had 
secured dredging. 

The favorite construction used these works was timber cribs 
filled with stone. This method had many points its favor, among 
which may mentioned, especially, ease construction and cheap 
ness, and, the case the work under water, comparative permanency. 

Regarding structures this class, the following instructions 
formulated the Board Engineers, and which Lieutenant-Col- 
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onel James Kearney, Corps Topographical Engineers, was President, 


charge Lake Harbors and Western Rivers, April 27th, 1853, 
are interest: 


Board having under consideration the principles construc- 
tion employed building the piers, jetties and breakwaters 
the Lakes, are opinion: 

First.—That these works ought founded cribs timber 
filled with stones. 


the ordinary length each crib should 
ft. 

Third.—That the breadth the piers, etc., ought not less 
than ft., even the shoalest water. 

their average width ought least equal their 
total height from the foundation the platform. 

Fifth.—That the platform deck the piers, ought rise 
above high-water level the lake. 

the side exposed the waves ought vertical 
from top bottom; and, much possible, free from angular pro- 
jections breaks. 

the sheltered side ought vertical from the 
platform ft. below the low-water level, and thence downward 
ought have slope batter grades one-third the natural 
foundation. 


Highth.—That the timbers used the work should all squared 
sawed. 

the exposed face the work ought covered 
with plank, well fitted and bolted the timbers, and extend 
possible from the top the natural foundation. 

Tenth.—That whenever dangerously exposed floating ice, 
should defended wrought-iron bars straps well bolted the 
timbers. 

the bottom the cribs ought grillage, 
the openings which should barely sufficient allow the stone 
filling the cribs settle the ground. 

Twelfth.—That the rip-rapping, any, around the bottom the 
cribs, ought not rise high exposed sensibly the waves. 

the piles, which are used sometimes the in- 
side the cribs, have not the effect keep them permanently 
place plumb. 

the cribs beneath the water surface should 
the same width the piers breakwaters, and may different 
Above water the cribwork should constructed 


preserve break-joint connection throughout the whole length the 
work. 
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due time having been allowed for the ultimate 
settlement the structure; the upper part should replaced 
masonry, namely, from point low that the timbers the 
foundation may not liable come contact with the atmosphere. 

Board reserves for future report the question the dimen- 
sions the timbers, the method framing, the carpentry, the 
the filling with stone, and the setting the cribs into place. 

enable the Board arrive satisfactory opinions upon points 
now referred to, and enter into the details which ought characterize 
such report, will necessary for the members for 
themselves the works most worthy notice, those that are thought 


the most successful examples cribwork the Lakes, well 
those that are defective. 


Board would thus enabled judge more satisfactorily 
the causes (arising either from inherent defects accidents) that 
led their failure; and, the other hand, the causes that may have 
contributed the efficiency those that have succeeded.” 


When, 1867, General Cram submitted project for building 
detached breakwater, which was form outer harbor, there was, 
matter course, some discussion the proposed plans, espe- 
cially the proper cross-section the cribs, and their details. 

The matter was referred Board Engineers, convened 1868, 
which recommended that the structure built cribwork filled with 
stone and decked over with plank, have rectangular cross-section; 
total height from the bed the lake the top the deck, and the 
top ft. above the highest water known. 

location the work and the construction details having been 
decided, the contract for the northern end was let Messrs. Bailey 
and Denny 1868. 

The cribs were 34x ft., and ft. deep, which was also the depth 
the water, the cribs being set directly upon the natural bottom, 
without any preparation. With the exception the top courses, 
which were pine, the cribs were 12-in. square hemlock, duly framed, 
and fastened with square iron drift-bolts ins. long. Each 
crib contained about 110 000 ft., M., timber, tons iron, and 
280 cords stone. The superstructure was pine, and was built 
ft. above the water level. 

the lake bottom the area adjacent the north end the 
breakwater generally rocky, overlaid with thin layer sand, 
apprehension seems have been felt placing the cribs directly 
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thereon; fact, doubtful any extended examination the 
bottom, along the line the proposed work, was made considered 
necessary the time. 

During the summer 1872 change the character the lake 
bottom was noticed. The hard gravel bottom became thinner and 
underlying stratum soft clay came near the surface. Much 
culty was found keeping position cribs sunk upon this yielding 
foundation. They sank much ft.in 24hours. the following 
winter the cribs sank much ft., the settlement being very un- 
even. The cribs were also displaced sideways greater less 
extent, varying from ft., but their integrity did not seem 
disturbed. The damage was repaired sinking top the dis- 
organized work repair crib irregular shape, from ft. wide, 
ft. high, and 315 ft. long. This was fastened the old cribs 
two iron rods, running through from side side, and piles driven 

1873 the mode construction was changed. artificial foun- 
dation was made spreading over the lake bottom layer rubble, 
which, its weight, settled into the soft clay. was raised about 
ft. above the luke bottom, and extended ft. exterior the lake 
face the cribs, and ft. the harbor side. this foundation 
two cribs were placed, each ft. and ft. deep. superstruct- 
ure was built over them and the displaced work the preceding 
year. 

December 4th, 1873, gale displaced these two cribs, wrecked 
150 ft. superstructure and damaged all the superstructure built 
1872-73. The 315 ft. 1872 settled still more, and with great irregu- 
larity. The prepared foundation broken stone sank through the 
soft clay completely hardly found sounding. was 
very evident that the prolongation the line that part the break- 
water already completed passed through area soft bottom which 
offered great difficulties foundation. 

Under the direction Mr. (now Dr.) George Fell, the bed 
the lake along the line the extension was examined drivings 
made from scow provided with special machinery, and was found 
consist great part soft blue clay, into which the cribs might 
expected settle considerably. prevent this settlement, Board 
Engineers, convened the spring and again the fall 1874, 
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recommended artificial foundation, made dredging cut 
the bottom the lake tke prolongation the line the break- 
water, making this cut ft. wide the bottom, carrying down 
bed-rock, unless sufficiently firm clay, sand gravel were found 
less depth; the side slopes the cut steep the material 
would stand, and the cut, fast made, filled with gravel 
the level ft. below the mud bottom, which level was reached 


Board supposed that this foundation would only necessary for about 
2500 ft. from the terminus the completed work, and for that dis- 
tance estimated the average depth dredging ft., cost not 
exceed $150 000 (see Fig. 3). The Board also that the 
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CROSS-SECTION PROPOSED 
BREAKWATER EXTENSION 


SHOWING 
TRENCH AND FILLING FOR FOUNDATION 
Scale of feet 
lw 5 0 10 20 30 40 50 


length the breakwater increased 600 ft., making its ultimate 
length 600 feet, this make large still-water harbor, well 
cover long shore line which would available for docks. 

The work excavating this trench was commenced during the 
summer 1875. the beginning the depth soft clay excavated 
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which delayed the work, the water being about ft. and the bottom 
the trench therefore about ft. deep. Later, the depth de- 
creased, and 1882 this stratum pinched out entirely. Borings taken 
southward from this point for 500 ft. indicated that the bottom was 
composed boulders and gravel, and gravel mixed with hard clay. 
stated that pointed rod could not driven into this material 
more than ft., therefore there was further apprehension 
future settlement. 

The length unstable foundation which required dredging and 
back-filling with gravel was about 500 ft. underlies that portion 
the built between 1874 and 1882. 

previously stated, the height the superstructure, originally 
constructed, was only ft. above lake level. The length this type 
structure was 891 ft. well-known fact that heavy gales 
from the west Lake Erie rises ft. and more, above ordinary low 
water, which would leave only ft. the breakwater above the 
surface. The effect this high water create heavy sea inside 
the breakwater. gale this kind occurred January and 4th, 
1884, which did great damage the superstructure for 800 ft. south- 
ward from point ft. from the north end, and large part had 
rebuilt. remedy the disturbance caused the high seas, 
parapet, ft. high and ft. wide, was added the reconstruction, 
and all the work 718 ft.) constructed after 1884 was built after this 
plan, except with occasional and slight modifications height. 

the timber cribwork, generally, hemlock was used for the un- 
der-water work, except for the few top courses, between wind and 
water,” where pine (and, few cases, oak) was substituted. The 
superstructure was pine, with the exception the stringers, which 
were usually oak. The sides and ends the cribs are 12-in. tim- 
bers, built solid. The interior cross- and longitudinal- ties are 
the same dimensions, and are laid style. first, all 
timbers were fastened with square iron drift-bolts; later, round iron 


was substituted. The later cribs were built two parts. The lower 


was grillage, the timbers which were fastened with screw-bolts. 
the work above the grillage, drift-bolts were used. The superstruct- 
ure similar design, except that, usually, the interior ties are laid 
close, forming solid bulkheads. 3-in. plank, laid 
right angles the axis the work. 
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The work was paid for unit prices for the various classes ma- 
terial. the beginning, price was paid for the timber, and an- 
other price for framing. was also the practice, times, let the 
cribwork and the bolts and spikes separately. 

One prominent feature some the cribwork the old break- 
water was the abnormal length some the timbers used. the 
grillage, not less than thirteen pieces timber, each ft. long, were 
used. the hemlock portion the cribs there was extremely 
large number 36-ft. pieces, aggregating nearly 70% the total 
timber. This was account making the end walls and cross-ties 
one piece. Inthe top part the cribs and the superstructure 
more than 36-ft. pine timbers and about 65% oak timbers 
were used. 

figures, giving the total cost the original timber-crib break- 
water, are available. The Board Engineers which determined the 
plans this breakwater (March 27th, 1868), estimated the cost 


100-ft. section, with cribs ft., but depth not given, Table 
No. 


BREAKWATER. 


1873, the theoretical cost (with allowances for settling 
contingencies) ft. breakwater was estimated Table No. 


TABLE No. Cost BREAKWATER. 


Timber and lumber............. 


Joist and plank, fitting, etc. 876 ft. 

Cost per linear 170,00 


2 
ers 
7 


TABLE No. 3.—Cost BREAKWATER, PER YEARS. 


Contractor. 


Ambrose 
Franklin 

Hingston and Woods 


Charles 


Ira 


BUFFALO BREAKWATER. 


Date. 


July 25, 1877..... 
September 30, 
October 29, 
August 31, 1879.......... 
January 27, 1880... 
August, 1861...... 
September 25, 1880..... 
November, i881......... 
May 27, 1881 
November, 1882......... 
February 1884........ 
October 29, 1884.... 


October 10. 1885........ 
November 


October 18, 


Cribs. 


Distance 
from North 
end, feet. 


Cost. 


076 
429 
933 
891 
696.9 
349.8 
802.4 
808.7 


184,00 
206 .86 


$104 
104 225.78 
783.58 
189.91 


964 
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Table No. 3shows the cost the timber-crib per linear 
foot, for different years. this table will noted that there 
quite variation cost. The low cost for 1877-78 was owing 
the fall prices material and labor. 1879-80-81, the 
depth soft clay, excavated for the foundation, and refilling with 
gravel, was greater than under any other contract, hence the in- 
creased cost. 1884 and afterward trench excavation back- 
filling was necessary, the natural bottom the lake being hard 
enough sustain the work. The rates Table No. include all ex- 
penses every kind, the net cost the workmanship being 10% 
less than those rates, according the amount done. 

rough guess, may stated that the total cost the break- 
water was, approximately, 500 000. 

Concrete damage was done the structure 
the gale October 14th, 1886, the heaviest experienced since No- 
vember 16th, 1869. The wind was from the southwest, and reached, 


one time, velocity miles hour. The level the lake 


raised 7.3 ft. above standard low water. For length 910 ft., 
beginning the north end, almost the entire harbor face the break- 
water was pushed out place. The the cross-ties had be- 
come rotten that many cases the wood the dovetails stripped 
off. The ice the following winter also did more less damage, 
especially the cross-walls bulkheads the parapet (first built 
1884), which were partly laid fashion, the ice be- 
ing piled ft., more, height. many places, the lake face 
the breakwater was also crushed the ice. The dilapidated 
condition which the north end the breakwater was left after this 
storm, made evident that the reconstruction the superstructure was 
absolute necessity. December 15th, 1886, plan for new 
superstructure, concrete, faced with stone, was submitted Cap- 
tain Mahan. Some changes the same were made, being 
ordered build 500 ft. with stone facing and 250 ft. with facing 
Portland-cement concrete, the work done day’s labor and the 
materials obtained under contract. 

The approved plan, finally adopted, was follows: 

1.—The timber cribs the foundation were cut down ft. 
below mean low water; 


2.—On the razed cribs was built masonry foundation, ft. 


_ 
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high, the same width the cribs, vertical the harbor side and 

3.—On this structure was built parapet ft. wide the 
bottom, ft. wide the top, and ft. high, the slopes both the 
harbor and lake sides being the lower edge the lake side 
the parapet coincide with the upper edge the lake side the 
foundation. 

The new superstructure was built two ways: 

1.—The inside mass natural-cement concrete covered with 
stone masonry varying thickness; the lake face, ft.; top, 
ft. for ft. back from the lake face; the remainder the top, ft.; 
the harbor face the foundation, 2.5 ft.; the top face the founda- 
tion, for width 11.5 ft., uncovered. 

2.—The concrete mass was covered all sides with layer 
Portland-cement concrete, ft. thick. 

The work was commenced, about June, 1887, tearing out the 
timber superstructure and preparing the tops the cribs receive 
the concrete. 

The laying the concrete was begun July 30th, 1887, and 
closed for the season November 14th. After August work 
was prosecuted night and day, and, after September 4th, also Sun- 
days. See Figs. and 

Details Construction.—The plant consisted derrick scow 
924 ft., drawing ft. when loaded. The derrick was fitted with 
long boom for light loads and short one for heavy loads. was 
operated single-cylinder double-drum engine. Near the stem 
there was small blacksmith shop. There were also three scows, each 
954 ft., and drawing ft. when loaded. -One scow was fitted with 
concrete mixer one end, the mixer being 4-ft. hollow cube 
boiler iron, driven single-cylinder engine. the other end there 
was platform which the cement paste was mixed. track con- 
nected this platform with the mixer. There 554 
ft., drawing ft., which, with two the larger ones, was used 
for the transportation material. small derrick scow was used 
the stone masons, and large flat scow, about 300 tons capacity, 
was used for the storage sand and gravel. 

The tools were the usual kinds. The rammers were cast 
iron, with wrought-iron handles, The base was ins. edge 
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the bottom, ins. the top, and ins. high. The wheel-barrows 
carried boxes holding cu. ft. each. 

The concrete forms were wood, with 6-in. posts braces, at- 
tached the cribwork timbers wrought-iron knees. The sheeting 
was 2-in. plank spiked the posts. 

Execution the Work.—The derrick boat was placed broadside 
along the harbor face the breakwater. front this boat, and 
head on, lay the mixer boat, and immediately the rear was the large 
float loaded with sand and pebbles. one side this float was 
placed the emergency stone scow, and the other side the contractor’s 
stone scow. When the boats were all position, were laid 
from the mixer scow the various vessels, that the materials 
could wheeled conveniently. The arrangement the scows 

The concrete was Breakwater 
made follows: The 


af Blacksmith’s 


mixed into rough 
paste the platform. 
The other ingredients, 


____ Concrete 


Derrick scow 


Mixer boat 


the 
portions, were then 
wheeled the plat- 
form and dumped 
through hole the 
same into large box 
standing railroad 
truck beneath, the 
following order: First 
the pebbles, then the 
sand, and then the 
broken stone. The cement paste was thrown with the sand. The 
loaded box was then run out, raised the derrick, and dumped into 
the mixer, the box was returned and the operation repeated. 

After from five ten revolutions the mixer, the concrete was 
emptied into another box, and placed the work the derrick. 
was then spread layers ins. and rammed thoroughly. 

With full gangs, fourteen batches per hour could placed. The 
average for the entire season was about seven batches per hour. With 
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the larger number batches, twelve men were required for ramming 
alone. 

The construction the stone face was very simple, and differed 
respect from the ordinary methods constructing masonry. 

Difficulties Encountered.—The greatest difficulty was caused the 
instability the boat. The management the boxes concrete 
was exceedingly troublesome. Comparatively small oscillations the 
boat amplified greatly the movement the end the boom. Diffi- 
culty was also found placing the concrete the salient angles 
the bottom the structure. was washed out the swell caused 
passing boats, the wind, and the angles then crumbled. 
Every way that the ingenuity the force could devise was adopted 
try prevent this wash until the cement could set. Not one was 
successful. The best results were obtained the use tarred 


and crash, with which the effect the wash was less than 


any other method. 

The weather, rule, was favorable, with the exception two 
gales, which did some damage, washing out some the interior con- 
crete. All the work was done hired labor, the plant being owned 
the United States Government. 

Cost the Work.—The Portland cement used was the Gibbs,” from 
London, England. The contract price was $2.09 per barrel, delivered 
Buffalo canal. little came rail, which made the average 
price Some additional cement needed cost $2.57 per 
barrel. 

The natural cement was furnished Norton, New York, 
$1.20 per barrel, delivered Buffalo canal. Sand cost cents 
per cubic yard, and pebbles per cubic yard. Broken stone, fur- 
nished contract, cost $1.84 per cubic yard. Owing the inability 
the contractors supply broken stone promptly all times, some 
was broken hired labor cost per cubic yard. 

The cost given has reference the work stood April Ist, 
1888, being practically that done during the season 1887. 

The quantity concrete made was follows: 


Portland-cement concrete.............. 937.71 cu. yds. 

Less large stone same .............. 300.00 
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This quantity was made 797 batches, giving 0.8258 cu. yd. 
the batch. The quantities required make cubic yard concrete 
are shown Table No. 

TABLE No, 


CONCRETE. 


Portland cement. Natural cement. 


Total 


86.710 


the statement cost Table No. the items material and 
labor only are included: 


TABLE No. 

Portland Natural 

cement. cement. 

2 789.6 2.00 = 8 221.77 2 357.43 


The cost the 250-ft. section was $73.39 per running foot. 
Owing the excessive cost the masonry-faced section (200 ft. 


long) was recommended that this method construction dis- 
continued. 


Concrete Blocks.—As was almost impossible preserve the integ- 
rity the angles the bottom the profile when building the 
concrete place, authority was given, February, 1888, use large 
concrete blocks the bottom the work. The blocks for the lake 
face were ft. long the bottom, ft. 2ins. wide, and 4ft. high, and 
were set headers, the end toward the lake rising vertically for ft. 
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and then having batter vertical base, the opposite end being 
vertical. The blocks the harbor face were rectangular parallelo- 
pipedons, ft. long, ft. ins. wide, ft. ins. high, and contained 
the same volume the blocks the lake face, namely, 88.75 cu. ft. 
3.287 cu. yds. See Fig. page 967; also Fig. page 976. 

The first block was made August 6th, 1888, and the close 
actual operations, November 28th, 1888, 625 had been made; 
these four were damaged useless. The blocks were made 
wooden moulds, the grooves for the reception the hoisting chains 
being formed battens. Forty-two these moulds were made, cost- 
ing 675.99, $39.904 each. 

The blocks were made the south pier, behind the parapets 
the old breakwater. The concrete was hand-mixed the following 
proportions: bbl. Portland cement, cu. ft. sand, cu. ft. 
pebbles, cu. ft. broken stone. 

These quantities made layer concrete trifle more than ins. 
thick. The face the lake-face blocks was made rather finer 
materials than the inside. This finer concrete was about ins. thick, 
ins. wide, and well rammed. The coarser concrete was spread 
just behind it, before the face had set, and, being properly rammed, 
gave thorough bond between the face and the back. The block was 
built this way successive layers. the top layer irregular 
masses stone were set project ins. above the top 
the block when finished. These stones served dowels insure 
firm bond with the superstructure. One gang men, several 
occasions, made fourteen blocks hours. This, 3.287 cu. yds. 
the block, gives cu. yds. per day, 4.37 cu. yds. per hour. 


The total volume the blocks 054.37 cu. yds. The materials 
used were: 


Total volume loose materials. 
Total volume blocks......... 2054.37 


25.8 per cent. 
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The disparity sand and other materials was caused many 
the blocks requiring placed special bed while under con- 
struction. The excess pebbles over broken stone was caused 
using the material for the lake face, expose smoother 
and more solid surface the waves. 

The cost the materials for the blocks was: 


$8808.21 
384.59 
Tools, supplies, tug hire, 085.04 
Total cost making 625 blocks............ $18 953.83 
This gives, the cost per block: 
Superintendence and 7.015 
Total cost block ready set........ $30.326 
$9.226 per cubic yard. 
The following prices were paid for the materials: 
$2.45 per barrel. 


The handling and setting the blocks was very simple, and was 
accomplished floating derrick, lashed alongside which was 
scow, connected 12-in. timbers steady it. This made very 
stable arrangement. 


the cost setting the blocks included the cost recovering 
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(by means diver) 349 blocks which were washed overboard 
severe gales. these, twenty-four were damaged much that they 
were unavailable for use the faces the structure, and had 
used the interior. 


This amount, apportioned among the 621 blocks actually used, 
makes the cost $37.35 each, $11.29 per cubic yard. 
The wages paid the various artisans were follows: 


Master laborers..... ..... 25, 274 and cents per hour. 


Tearing out the Old Timber Superstructure.—Various storms, begin- 
ing with that October 14th, 1886, had done more less damage 
the old timber superstructure. some places the harbor wall 
timber had been carried away the water’s edge, and the stone 
the pockets had been washed out. other places the stone had 
been dug out the pockets and the timber left standing. Nearly 
one-third the timber had been torn off. remove the timber 
which remained, various methods were tried, such pulling 
sticks means derrick boat, sawing and splitting the timber 
away from the drift-bolts, pulling the drift-bolts with heavy shackle 
bar, etc. The most satisfactory and expeditious method, however, 
was that drawing the bolts partly with hydraulic jack and finally 
with shackle bar. this method the timber was uninjured, except 
for the small cut made each the drift-bolts allow the jack 
take hold. 

After the bolts were removed, the timbers were readily taken apart, 
and many them were used for trestling, for scaffolding, and for 
stringers connection with the railway track used transporting 
the concrete the work. 
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The cost tearing out the old superstructure was follows: 


Miscellaneous, including stone removed 

contract, tools, tug hire, boats, etc....... 


The length the structure torn down was 460 ft., making the 
cost per linear foot 

Concrete Place.—On account the difficulties encountered during 
the season 1887 making and depositing concrete with floating 
plant, the question different plant used continuing the 
work (the construction 460 ft. during 1889), was considered 
Board Engineers December, 1888. This Board recommended 
traveling platform, designed carry lower deck the mixer, 
boiler, engine, coal bins, cement, tools and other appliances, and, 
upper deck, the bins containing sand and broken stone. 

The plan suggested set all the blocks, and fill behind 
them with concrete depth ft., then, working backward, 
build level ft., then, working forward, finish the 
required height ft. 

was also contemplated utilize, for the storage materials 
and the making concrete, that portion the breakwater with which 
there had been trouble account settlement and displacement 
the cribs, and which had width from ft. 

January 9th and 10th, 1889, occurred the most furious wind 
storm known Buffalo. From until noon January 10th 
the hourly velocity the wind was never less than miles. From 
8to9 averaged miles. storm 346 the con- 
crete blocks, weighing about tons each, which were lying the 
banquettes the breakwater and sheltered the parapet, were 
washed overboard. previously stated, much damage was done 
the 460-ft. section upon which the concrete superstructure was 
built during the season 1889. 

After the effects the storm were fully known, the Board Engi- 
neers, March, 1889, decided that, view the changed con- 
ditions, temporary fixed platforms would more expeditious than 
the traveling platform previously recommended; also, that would 
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not advisable use the banquette deck the breakwater for the 
storage materials and machinery. 

accordance with this decision, two platforms, each ft. square, 
were built close the harbor side the breakwater, one the 
quarter point and the other the three-quarter point the work. 
They were constructed piles, capped with 12-in. timbers and 


RS 


SECTION 
Boards 


ELEVATION OF HARBOR SIDE ° 


decked over. these platforms were located the concrete mixer, 
engine and boiler, derrick, steam pump, and bins for sand, pebbles 
and broken stone. See Fig. The platforms were connected 
proper turnouts, with temporary single-track railway, with trestle 
bents, ft. apart, and running the entire length the work. See 
Fig. also Fig. 
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The formula for the concrete was: bbl. cement, cu. ft. 
sand, cu. ft. pebbles, and cu. ft. broken stone. 

meet these requirements, hand carts the capacity needed 
carry the exact quantity each sort material were built. addi- 
tion, there were charging boxes, each cu. ft. capacity, and these 
were lowered sub-platform through hole the deck the 
platform, their tops being level with the deck for convenience 
charging. The cement was made into rough paste special 
trough. charging, the pebbles were dumped first, then the paste 
was shoveled the same time that the proportions sand and 
broken stone were served. additional quantity water was 
poured in, and the charge hoisted the mixer. From the mixer 
the concrete dropped into car, which carried the work for 
deposit. 

With these arrangements, the quantity concrete from one mixer 
has been much 225 cu. yds. hours. 

The volume the new superstructure follows: 


The number batches concrete was 624, from which 
found that each batch, rammed place, had volume little less 
than cubic yard. 

The materials were mainly supplied contract, the following 
prices: 


Portland $2.45 per barrel. 


The Portland cement was made Burham and Co., England. 


The natural cement was made the Union Akron Cement Co., the 
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neighborhood Buffalo. The sand came from the south shore 
Lake Erie; the pebbles were brought from the Niagara River, near 
the International Bridge, and the broken stone came from 

There was also used the work another English Portland cement, 
the Francis, $2.45 per barrel, also Millen and Sons’ domestic Port- 
land, $2.25, also some Norton’s natural cement, $1.20. 

One barrel cement was used each batch concrete, and, 
each batch made practically cubic yard, the cost the cement per 
cubic yard was the same the price per barrel. The cost the 
other materials each batch was: Sand, cents; pebbles, 974 cents; 
broken stone, $1.11; total 

Cost the Concrete.—The elements the cost the concrete are, 
labor, material and miscellaneous expenses. Labor divided into 
superintendence, time master workmen; and labor proper, 
time men acting under the guidance the master workmen. 


The cost per cubic yard for superintendence and labor was $1.53. 
The largest labor item was the ramming, which was per cent. 
The cost materials was: 


$53 829.55 
Material and labor for grouting and filling holes.......... 274.82 
Masonry used instead concrete blocks ................. 587.40 


The miscellaneous expenses were: 
Derricks, machinery, pumps, rails, tug hire, etc.... 647.53 
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The total cost reconstructing 460 ft. the superstructure 
the breakwater was: 


Tearing out old timber work ....... 906.95 
Making and setting concrete blocks 193.67 
Superstructure; concrete place: 
546.54 


The cost was $109.37 per running foot, $9.12 per cubic yard. 

The value the plant the end the season was taken 
$18 470. This, subtracted from the total, leaves $141 215.10; thus the 
net cost the new superstructure was $96.72 per running foot, 
$8.06 per cubic yard. The cost the concrete place, added the 
cost the platforms and the other miscellaneous items, gives: 


Concrete place (labor and material)........ $76 382.51 
Deduct value material and machinery 


Dividing this 586.78, the cubic yards concrete, gives $7.00 
per cubic yard the net cost the concrete place. 

Sixty-eight days were required place the concrete, thirty-eight 
days with one platform and thirty with two. This gives average 
output 214.51 cu. yds. per day. 

After the decayed superstructure the north end had been recon- 
structed, was decided replace another section, immediately south 
that part which settled during 1872. This settled portion known 
the ice-breaker, and will designated thus hereafter. The section 
adjoining the ice-breaker was long. During the season 
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1890, 950 large concrete blocks for the same were made. The River 
and Harbor Bill September 19th, 1890, appropriated $200 000 for 
this work. 

Before commencing the concrete superstructure, was necessary 
remove the old decayed timber superstructure, which was work 
little contained about 760000 cu. ft. This 
work was commenced April 9th, 1891, and June 15th, 1891, the 
structure was about all removed plane ft. below mean lake level. 
This removal necessitated the handling 678 280 ft. timber, 
120 000 lbs. iron, and 500 cu. yds. stone. 8th, 1891, 
the setting the concrete blocks was commenced, and the end 
the year (June 30th, 1891), 800 had been placed position. The plat- 
forms piles for storing material for concrete, one either end 
the work, and the concrete mixers were ready about the same date. 
Trestlework had been erected along the line upon which the super- 
structure was built, and upon this two tracks were laid. The 
for carrying the concrete were moved wire cable operated 
steam engine. 

July 4th, 1891, heavy gale washed from the breakwater 362 
blocks, each weighing about 7tons. The blocks were all recovered 
diver, the last one being raised August 23d, 1891. 

The laying the concrete began August 4th, and was practically 
finished October 12th. experimental top parapet, 300 ft. long 
and ft. high, was begun October 17th and finished the 19th. 
All top dressing was finished November 8th. 

The machinery and method construction have been described, 
and only remains note that great volume concrete was laid 
quickly and successfully, the cable road being perfect success, and 
previous experience having led skill and promptness the details 
construction. 

The length the concrete superstructure built during the season 
was 967.9 ft. The volume concrete was 969.28 cu. yds., 
cu. yds. per linear foot, the cost being $213 165.69, $108.32 per running 
foot, $8.21 percubic yard. cost was $110.19 per running 
foot, $9.19 per cubic yard. Experience and improved arrangement 
the machinery, and especially the moving cars cable instead 
hand, account for the decreased cost. 

All the concrete work just described was done hired labor, 
under the direction the United States Engineer Officer Charge. 
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1898 was recommended Major Symons that the ice- 
should have the wood and stone superstructure replaced with 
This section 015 ft. long, and was built 1873 1877. 
The section concreted 1889 adjoins the north, and that built 
1891 the south. The delay concreting was account 
the insecurity its foundation. This was made secure dumping 
large quantity large rip-rap along the lake face the structure. 

Plans and specifications were prepared during the winter 
99, and the work was let the Buffalo Dredging Co. May 
1899. The design the new work was radical departure from that 


PLAN FOR REPLACING DECAYED TIMBER SUPERSTRUCTURE PORTION 
BREAKWATER WITH NEW SUPERSTRUCTURE CONCRETE AND STONE 


~2.0 — 


MINIMUM CROSS SECTION 
‘HEAVY DOTTED LINES SHOW CROSS-WALL 
BLOCKS AND DIVISIONS, 


The Maximum Cross section extends 32 ft, on the Harbor Side 
and 22 ft. on the Lake Side, making a total width of 78 ft. 


Seale of Feet 
5 10 15 20 
10. 


previously executed, which was monolithic structure. Instead, 
Major Symons adopted what may called shell construction, con- 
sisting inner, outer and cross-walls, the interior space filled with 
rubble and the whole covered with heavy parapet deck concrete. 
The different walls were founded large concrete blocks, with their 
bases laid ft. below mean lake level. The construction shown 
Fig. 10. 

The contractors began the erection concrete plant and prep- 
aration for floating plant June 5th, 1899, commenced 
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making concrete blocks June 8th. They began tear out the old 
superstructure August 5th, and the first concrete block was set 
the lake face the south end August 16th. The first concrete de- 
posited place was the lake wall Section which was laid 
August 30th and 31st. 

American Portland cement was used, the brands being the Way- 
landand the Lehigh. The concrete the blocks contained part 
cement, parts sand (of which part was stone-crusher sand), 
parts gravel (of which part was granolithic) and parts broken 
stone. The exposed faces the lake- and harbor- face blocks, for 
thickness from ins., were made concrete. The 
blocks were made the north bank Buffalo Creek, just above 
Louisiana Street, dockage about 400 ft. being used. switch 
the Erie Railroad extended into the yard, making the delivery the 
material convenient. The cement for the blocks was stored ware- 
houses the yard, that for the mass concrete was stored elsewhere. 

The greater part the broken granolithic, and stone- 
sand was used directly from the railroad cars, while the 
remainder, with the sand and gravel, was stored piles convenient 
distances from the mixer. 

4-ft. mixer was used. Itrevolved hollow shaft 
through which water was supplied. About cu. yd. concrete was 
mixed The material was delivered the mixer dump 
divided into proportional parts. admit the different materials 
the proper quantities. The cement and beach sand were shoveled 
together before being placed the car. The car was then drawn 
steam power incline platform above the mixer, from which 
was dumped into the hopper. After being turned fifteen eighteen 
times, the mass was dumped into another car and drawn steam 
power incline the level the top the moulds, from which 
point was propelled hand. 

concrete was deposited the moulds layers about ins., 
and each layer was thoroughly tamped before another was put on. 
Five six blocks were usually under way the same time. On-the 
lake- and harbor- face blocks 4-in. piece was set upon the face side, 
while the regular concrete was being dumped, leveled, and partially 
tamped. was then drawn out and the space filled with granolithic 
concrete. The whole mass was then thoroughly tamped together. 
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Ten eleven made 10-hour day when the plant was 
running with complete force. The moulds were four rows, 
parallel the dock face and near possible, occupying 
length about 150 ft., that the blocks could handled float- 
ing derrick. There was room make from blocks before 
any were removed. facilitate handling, from one three eye- 
bolts, depending upon the size the block, were incorporated the 
top each block. These eye-bolts were either new iron, in. 
square and ft. long, were 1}-in. drift-bolts taken from the old 
timber superstructure. Each had 4-in. cast-iron washer the 
lower end. The eye-bars made the handling the blocks very satis- 
factory. 

The moulds were in. pine, planed and matched, and the frames 
8-in. timbers, all held together iron tie-rods. first, 12-in. 
timbers were used, but were found too heavy. Beginning with 
the season 1900 the inner faces the lake- and harbor- face blocks 
were made in. shorter than the outer order make better 
joints. Pieces lath were set between the ends the moulds 
and the frames, that the frames did not have rebuilt. 

The blocks were allowed hours set, before removing the 
moulds, and two weeks before being moved. When ready 
moved, they were loaded scows large floating derrick and 
towed the breakwater, where they were unloaded and stored. 

Removing the Old Superstructure, and Repuiring and Leveling Cribs.— 
This work required the removal the timber and stone the old 
superstructure, the repairing the cribs when necessary, the filling 
the openings between the cribs, and the careful leveling the 
timber and stone, ft. below mean lake level, receive the concrete 
blocks. 

specially powerful derrick was used tearing out the 
timber and setting the concrete blocks. old dredge was rigged for 
this work, the old machinery giving ample power. The anchors 
spuds were found valuable adjuncts when setting the blocks, 
they prevented the swaying rolling the scow and deriick. 

The removal the timber was accomplished with little cutting 
timber bolts. pair hooks engaged one timber time, and 
the derrick lifted out intact broke off. several places the 


oak sheeting gave considerable trouble and had sawed and taken 
out sections. 
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During the season 1899 large part the stone from the 
work was stored the banquette while the parapet was under con- 
struction, 1900 was loaded scows, taken storage yard, 
and there kept until needed fill the new superstructure. 

After the removal the timber and stone the required depth, 
seven cribs, uncovered during 1899, were found fairly good 
condition. June 1900, five more cribs had been uncovered, 
and were found bad condition alignment. one case 
the entire lake wall seemed gone. Piling was driven this 
point, correct the alignment. Several openings were found between 
the cribs, which were sufficiently large require filling in. 

The concrete blocks were set the derrick used tearing out the 
old timber. The lake-face, cross-parapet, and middle blocks were 
usually set the order named, section length being set before any 
concrete was moulded place the section. The setting the 
harbor-face and cross-banquette blocks, well the moulding the 
banquette deck, was usually left for rough-weather work. 

Concrete Place.—The concrete moulded place contained part 
cement, parts sand (of which part was stone-crusher sand), 
parts gravel (of which part was granolithic) and parts broken 
stone. The outer faces the walls and decks, for thickness about 
were made granolithic concrete. 

floating plant was used making the concrete moulded 
place. During the season 1899 this plant was carried large 
dump-scow. The mixer, located ‘on one end the scow, was exactly 
like the one used for making the blocks. The derrick tending the 
mixer was the same end the scow. The materials were stored 
the old pockets, which held enough for two days. The work done 
this plant was every way satisfactory; but, the scow was not 
available for the season 1900, three smaller were used. The 


mixer and two derricks, with the necessary boilers and engines, were 
placed one scow, the other two being used tenders. The decks 
the tenders were enclosed, with sides ft. high, and were divided 
into six compartments for the six different materials, and each scow 
was designed carry enough material for mixing. 
prevent the mixer scow from rolling, guy-rod connected the top 
the high derrick mast the center the tender scow. 
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The moulds for the concrete place were 3-in., planed and 
matched pine, braced with 12-in. timbers, and held together 
tie-rods. The tie-rods the lower row were embedded the 
concrete during the construction the wall, and were sawed off flush 
with the face the concrete after the moulds were removed. 

The usual procedure, moulding the concrete place, was 
build the lake wall, harbor wall and cross-parapet walls, the order 
named. Then the parapet deck was built, which completed section 
the parapet. Sometimes several sections the parapet were 
completed before any work was done the banquette. stated 
before, this was Jeft for rough-weather work. The moulding the 
banquette deck completed the section, except the placing the man- 
hole covers. only two instances was failure made completing 
the walls deck section one day. 

The lake wall Section was the first moulded 
place, and nearly two days were required complete it. The con- 
crete was deposited and tamped place manner similar that 
followed making the blocks. The tops the decks were rubbed 
smooth surface with long wooden straight-edge. 

interesting phenomenon occurred during severe storm the 
fall 1899, when four the manhole covers were lifted from their 
seats the parapet deck and two were washed overboard, while the 
other two were found the banquette deck. These manhole covers 
plates concrete, ft. diameter and ins. thick, 
weighing about 530 lbs. the cause this phenomenon 
was the high air pressure under the concrete shell, caused the 
wave pulsation. 

The last concrete was placed October 25th, and the last work, 
which consisted fitting and placing concrete manhole covers, was 
done October 28th, 1900. 

The cost this work given Table No. 
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TABLE No. 
Removing 015 lin. ft. old superstructure 851.25 
New hemlock timber, 11.780 ft. 282.72 
New stone for crib foundation, 222 tons, 146.52 
Timber crib filled and complete place................. 475.00 
Manhole covers, 42, $1.25.... 52.50 
Extra Work and Materials: 
Building stairs, and dressing off concrete........ $122.50 
Excavating trenches, and fixing manholes....... 114.80 
Capping old piles, and driving new piles foun- 
Oak piles, 550 ft., 387.50 
Iron bolts and rods, lbs., 0.06.......... 248.34 
248.73 


Length work, 015 ft.; cost per linear foot, $72.26. 


Stony Pornt. 


great increase the commerce the harbor Buffalo, and 
lack the narrow channels the inner harbor, namely, 
Buffalo Creek and the City Ship Canal, had for some years given 
rise discussions and plans for increasing the harbor facilities. 
The Lehigh Valley Railroad Company had constructed Tifft Farm, 
the head the City Ship Canal, extensive system slips, docks 
and warehouses with every facility for carrying immense lake 
business through its individual line steamers. reach this port, 
their vessels were compelled traverse narrow channel, nearly 


miles long. short canal from the lake their interior 


would obviate this, but its building was precluded the want 
suitable breakwater protect it. This breakwater would also en- 
large the outer harbor, affording increased anchorage area for vessels, 
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and form protection for the lake front southward Stony Point, 
that this locality could utilized for commercial purposes 
piers and docks built out into the harbor thus formed. 

The complete wrecking the shore-arm breakwater, 
14th and 15th, 1893, tended increase the public desire for larger 
harbor, and, result this agitation, Congress passed act, 
under date August 17th, 1894, which provided for survey and 
plan for extending the outer breakwater from point near the 
present outer breakwater southeast point near Stony Point. 

‘In accordance with this act, test borings were made, the line 
the proposed extension Stony Point, which showed that the ma- 
terial overlying the rock was nearly all soft clay, ft. thick, 
that the rock was depth from ft. below the water sur- 
face, and that the clay stratum was much too soft sustain the crib- 
work-type breakwater. 

Major Ruffner, the Engineer Officer Charge, submitted 
plan for the extension which provided: 

First.—To complete the shore arm originally proposed. This 
would done extending the sand-catch pier 525 ft., into ft. 
water, and reconstructing the shore arm, 750 ft. long. This project 
would secure the harbor area recommended the Boards 1868 and 
1874. 

Second.—To construct detached breakwater, about 000 ft. long, 
and placed protect proposed jettied channel connecting the 
lake with the wharves the Lehigh Valley Railroad Company. This 
new entrance channel built and maintained the railroad com- 
pany. 

Third.—To construct section breakwater, 850 ft. long, ex- 
tending northward from the Stony Point shore. 

Fourth.—When necessity for further protection arose, fill the 
gap between the Stony Point breakwater and that protecting the Le- 
high Valley entrance. 

The proposed breakwater was stone and concrete, built 
mattress green trees, with 12-in. ends, laid two cross- 
layers, wired together, and weighted the usual foundation stone. 
This mat was minimum width ft. for ft. depth. 
this mat were placed alternate mattresses, similar character, 
ft. wide, and 2-ft. layers sinking and holding stone, until 
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ft. was reached. Heavy rip-rap was placed over the 
whole, filling out well the slopes, aud raising the structure 
depth. Then there was 3-ft. layer foundation stone, 
smaller for bed for the concrete blocks above. The blocks, begin 
with, were ft. length, laid and reduced 
length ft. each until the desired height was reached. These blocks 
were deposited while plastic, and set while adjusting them- 
selves what they rested upon. 

This plan was not approved, and the whole subject the further 
improvement the harbor was referred Board Engineer 
cers for investigation and report. 

This Board recommended the partial abolishment the shore-arm 
breakwater, and the construction breakwater the line from 
the existing structure Stony Point, consisting series rubble 
mounds, separated openings about 350 ft. wide. The openings 
were prevent the stagnation the water the sheltered area and 
for the convenience commerce. The breakwater sections were pro- 
posed five number, three 2900 ft. long each, one 400 
ft. long, and shore arm 400 ft. long, total They were 
built echelon provide the proposed openings. 

The construction was mound founded upon 
bed gravel, back-filled into trench previously excavated 
rock, covered with stone weighing from tons. The 
rubble mound was reach height ft. below mean lake level, 
and the large stone height ft. above this datum. The esti- 
mated cost the breakwater was: 500 lin. ft., $171 per foot 
966 500, or, with coatingencies, 200 000. 

The report the Board was recommended for approval the 
Chief Engineers, and was approved the Secretary War 
August 1895. 

The River and Harbor Act, June 3d, 1896, authorized the con- 
struction the extension the breakwater Stony Point, cost 
not exceed 200 000. 

Under date April 6th, 1896, the plans proposed the Board 
Engineers for this extension were reviewed critically the Engineer 
Officer Charge, Major Symons (see Figs. 11, and 13), and 
the following modifications were suggested 


Openings.—That only one opening, 600ft. wide, near Stony Point, 
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ESTIMATED TOTAL COST 500 LIN. FT. 200 000. 


TYPICAL RUBBLE MOUND DESIGN. 

. ESTIMATED TOTAL COST OF 12 500 LIN. FT. AT $176.13 == $2 201 650. 

Harbor side Lake side 

: Mean Lake Level 

| 


TIMBER CRIB WORK DESIGN. 
ESTIMATED TOTAL COST OF 12 500 LIN. FT. AT $194.00 == $2 424 191. 


Scale of Feet 
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required; that this, with the northern main harbor entrance and 
fair-weather opening between the existing and proposed work, 250 
ft. clear width, are all the openings required for the conveni- 
ence commerce. That the openings proposed the Board not 
curtail the aggregate length the breakwater, but add expense, 
the ends would have made much stronger than other portions. 
The whole structure would less strong built detached por- 
tions than these portions were united into homogeneous whole; 
nor are the openings required for the circulation the water pre- 
vent becoming stagnant and offensive. With.a large opening, 600 
ft. wide, near Stony Point, and the harbor wide open the north end, 
there would constant circulation water entering south 
and flowing ever toward the Niagara River. Throughout this narrow 
eastern end Lake Erie, there constant fiow toward the outlet. 
The natural storm effects would also aid insuring full and 
cient circulation water. The openings are objectionable permit- 
ting waves enter the harbor and interfere with the anchorage, and 
also permitting sand, borne the general lake currents, enter 
the harbor. 

The Wrecked Shore Arm.—That instead using portion 
this wrecked work, entirely removed, as, its present location 
and position, would prove constant menace navigation. 

Sheltered Area.—That the Board’s breakwater location curtails 
the sheltered enclosure and protected area. moving the location 
the breakwater farther out, increase area would 
obtained. 

Length.—The length breakwater given the Board 500 
ft. This does not include 1160 ft. the wrecked shore arm, requir- 
ing reconstruction. This would make total length 660 ft. 
The revised location requires breakwater 500 ft. long, with but 
three exposed ends, against nine the plan the Board. 

Depth—The depth water along the line the proposed 
about ft. greater than that along the Board’s line. 
The difference depth the rock bottom uncertain, but be- 
lieved that there practically difference. 

consideration the foregoing, Major Symons recommended 
that the location proposed the Board Engineers abandoned, 
the same placed farther seaward and slightly deeper water. 
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The breakwater now proposed would two sections, 800-ft. 
section adjoining Stony Point, and 700-ft. section between the 
Stony Point section and the existing (old) breakwater. There would 


from Stony Point, and fair-weather opening, 300 ft. wide, the 


junction the old and new work. 

previously stated, the Board recommended for the whole 
structure arubble mound upon gravel foundation. place this, 
Major Symons recommended stone structure, with gravel hearting 
protected the sides rubble, and the whole capped with large 
stone, weighing 4tons and upward, carefully placed. This large stone 
was come down toa 10-ft. depth water. thickness this 
giant paving was ft. top and ft. the slopes. The 
smaller rubble wasto ft. thick top and ft. thick 
the slopes. The entire structure was founded the natural 
bottom the lake. 

This was afterward slightly modified. was reeommended 
that ft. breakwater the northern end built this 
type and the remaining length, the harbor entrance, 700 ft., 
built timber cribwork the dimensions the existing break- 
water, viz.: cribs ft. deep and ft. wide, covered with super- 
structure ft. high the harbor side and ft. high the lake 
side. 

The relative lengths the stone and timber-crib were 
subsequently changed 250 and 739 ft., respectively. TheStony 
Point section, 800 ft. long, was similar cribwork, reduced 


size shoal water. All cribwork was founded upon arubble 


foundation, about ft. high, resting upon gravel, back-filled into 
trench excavated rock. 


The plans Major Symons were duly approved War Depart- 
ment endorsement, August 11th, 1896, and, accordance with the 
authority contained the River and Harbor Act June 3d, 1896, 
the work extending the breakwater Stony Point and the sand- 
catch pier the pierhead line was advertised, and bids opened 
November 1896. The contract (which continuous one) was 
awarded the lowest bidders, Messrs. Hughes Brothers and Bangs, 
Syracuse, January 27th and 28th, 1897. 

Figs. 14, 15, and show the location and types structures 
under which proposals were canvassed. 
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Table No. contains detailed statement the quantities, accord- 
ing the original estimate and the prices bid: 


TABLE No. 


Breakwater, 000 Fr. Lona. 


Gravel foundation and 640 000 cu. yds., $0. 


$83 
$678 200.00 
$135.64 per linear foot. 
BREAKWATER, 700 Fr. Lone, From 
BREAKWATER HARBOR ENTRANCE. 
Gravel for trench 600 000 78000.00 
Rubble foundation.............. 116 tons, 0.80 
Iron mooring cleats............. 6.00 150.00 
Iron mooring posts.............. 25, 
707 
$150.57 per linear foot. 
BREAKWATER, 800 Fr. From 
ENTRANCE Stony Pornt. 
Trench 240 000 cu. yas. $43 200.00 
Gravel for trench filling......... 250 000 0.18 
Iron mooring posts.............. 10, 360. 
369 
per linear foot. 
Prer 


Soon after being awarded the work, the contractors proceeded 
establish the extensive plant required for the proper and energetic 
prosecution the work. Having decided procure large quantities 
stone from Canada, they purchased tract land, about acres, 
Windmill Point, Ontario, which quarry was 


reach 
the navigable waters Lake Erie, narrow-gauge railway, about 
mile long, was necessary, and also the construction loading 
dock, from which transfer stone barges. 


The contractors also arranged procure rubble from the extensive 
spoil banks the Erie Canal, about miles west Lockport and 
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miles east Buffalo. These spoil banks consist limestone, exca- 
vated from the prism the during its construction, and 
deposited either side the same. Suitable machinery transfer 
this stone canal-boats was installed there. 

For the purpose building timber cribs, tract land bordering 
one the slips owned the Lehigh Valley Railroad Company, 
the southern end the City Ship Canal, was procured. This site 
also served storing yard forthe immense quantities pine and 
hemlock needed the work. building containing framing and 
gaining machines, circular saws, boiler, engine and air-compressor 
plant was also erected there. Docks and ways were also constructed. 

They assembled fleet canal-boats, deck and dump scows, and 
tugs, and made arrangements for the construction large clam- 
shell dredge. 

The first work the breakwater extension was determine the 
axes the two main sections. The axis the stone breakwater and 
South Harbor Section passed through point 250 ft. seaward and 
right angles the same. This point was obtained measuring the 
distance with line and sighting across the free end the old break- 
water, which presented plane surface, ft. long. pile was driven, 
and the point thus marked was designated Station being the 
initial point beginning the stone breakwater. may stated 
here that this pile was driven through Crib No. the wrecked 
shore-arm breakwater described previously. 

The axis this breakwater also passed through the old Lake 
Survey triangulation station the extremity Stony Point, which 
was marked iron bolt, about ft. long, driven into the sand, 
with the top about ft. below the surface. target, consisting 
timber tripod, was placed over the bolt. auxiliary target was also 
placed the old breakwater the axis the new work. The two 
targets are nearly 000 ft. apart. 

The axis the Stony Point Breakwater was also fixed, large 
wooden monuments, placed close the surface the ground, and 
target, some ft. height, used during dredging 
operations. 

The axis the stone breakwater lies the middle the com- 
pleted top, that the South Harbor Breakwater lies the middle 
the parapet, ft. from the lake face, while that the Stony Point 
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MAP 
BUFFALO HARBOR, N.Y. 


1896. 
SHOWING PROPOSED EXTENSIONS 
THE 


BREAKWATER AND SAND-CATCH PIER 
Scale of Feet 


1000 ) 1000 £000 3000 4000 6000 


Entrance 


South ardor) \ 


Stony Point 


a 


995 
/ 
; \ & 
( / if ot” 


BE 


996 BUFFALO BREAKWATER. 


Breakwater the lake face. These are the axes used for construction 
purposes, The two main axes cross each other point about 777 ft. 


from the south end the Stony Point Breakwater, measured along 


the lake face the same. The angle intersection The 
bearing the Stony Point Breakwater was determined 35° 57’ 
making the direction the stone breakwater, also that the South 
Harbor Section, 27° 

The construction the extension Stony Point was begun 
the contractors, May 19th, 1897, placing rubble for the 
breakwater the lake and harbor sides the footing, the pre- 
scribed cross-section. 


The essential features this breakwater are, the rubble ridges 
the foot the slopes the lake and harbor sides, the gravel hearting, 
facing confining this hearting, and the superstructure 
large revetment and capping stones. 


Lake Side 
Mean Lake Level 


CROSS-SECTION BREAKWATER 
EXTENSION STONY POINT 


Scale of Feet 
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Fig. cross-section this breakwater finally modified. 
dimensions ft. water, the prevailing depth, are follows: 


the bottom, 134.67 ft.; the water line, 40.95 ft., and top, 


14.0 ft. The lower harbor slope 1}, point ft. below 
water level, which point the harbor revetment* large stone 


*These blocks, when under water, are termed revetment stone, and, when above- 
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HARBOR SIDE. STONE BLOCKS WEGIHING Tons. 1902. 
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begins; then the slope changes 0.7045. The lower lake-side 
slope point ft. below lake level, which the starting 
point the lake revetment; the slope the revetment toa 
point ft. above water level, and above this the slope 1.22. 
The height above water contemplated originally was only ft., with 
width ft. top; but the height was changed ft., and 
the width reduced ft., hence the decimal expression the 
slopes. 

The theoretical cross-sectional area the structure 996.42 sq. 
ft., divided roughly follows: Gravel, 950 sq. ft.; rubble, 450 sq. ft., 
and revetment and capping stone, 600 sq. ft. actual construction, 
the area the rubble was somewhat increased, the slopes both 
the lake and harbor sides were built somewhat beyond the prescribed 
lines. 

Actual work the structure was commenced May 19th, 1897, 
and was practically completed December 10th, 1902, which date, 
and few days later, 300 ft. the harbor side the structure, be- 
tween Stations and 72, sank about ft. Reference this dam- 
age will made later. work was done during the winter 
months. 

Methods Construction.—The position the breakwater having 
been fixed targets the prolongation the axis, piles were driven 
the axial line, 000-ft. intervals from the north end, and num- 
bered 10, 20, 30, etc., thus dividing the work into 000-ft. sections. 
Piles were next driven 250-ft. intervals, the foot the prescribed 
slopes the lake and harbor sides. The latter served guides 
placing the materials. The outside ridges were built first dropping 
small limestone rubble over the sides the canal-boats, which the 
material was first brought the work. The loaded boats were towed 
Buffalo small steam tug. arrival the breakwater site, 
they were carefully aligned, parallel the axis the work, and with 
one side over the proposed lake- harbor- side ridges. Then 
were dropped one one. These ridges were built about ft. wide, 
and from ft. high. 

The usual load for canal-boat was 200 cu. yds., 225 tons. 
Usually, three boats were unloaded daily, with force thirty-five 
men. fleet nine canal-boats was service, which three were 


loading the quarry, three were the way, and three were being 
unloaded. 
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Before unloading boat its longitudinal position was determined 
carefully measurements taken from the nearest pile; its transverse 
position range was taken the same time. These notes, together 
with the name the boat, the number the ticket accompanying it, 
the date, time unloading, and other pertinent information, were 
recorded blankbooks prepared for the work. While unloading, 
the boats were held position lines running anchor buoys. 

After sufficient length these rubble ridges had been constructed, 
the gravel hearting was begun depositing the gravel from dump 

The gravel was dredged from the bed the Niagara River, be- 
tween the foot Ferry Street, Buffalo, and the International Bridge. 
Owing the swift current the river, especially the water-works 
intake crib, where more than miles hour, there was great 
difficulty towing the loaded scows stream. After repeated trials 
with the large harbor tugs Buffalo and Detroit River motive 
power, large and powerful tug was built especially for that 
service. 

The gravel was usually brought the work dump scows, also 
built for the work. There were four these scows, two wood 
and two steel, each having eight pockets. The capacity each 
scow was 590 616 cu. yds., but, generally, they carried only from 
450 470 cu. yds., one pocket being left empty facilitate towing. 

After sufficient quantity gravel had been deposited, generally 
layer ft. thickness, the rubble facing was commenced. 
The facing. was large and small rubble from the contractors’ Cana- 
dian quarry, about miles from Buffalo, and was brought the work 
dump scows. 

Soon after work was commenced, became apparent that some 
positive and reliable cross-ranges were necessary, regulate the 
method dumping materials. This was accomplished stretching, 
between the piles the 000-ft. stations, wire cables, which 
wooden markers were suspended fixed intervals. One end the 
cable was attached firmly pile, and the other end was passed 
through pulley the opposite pile, and weighted keep taut. 
This prevented the breaking the cables when the piles were swayed 
the waves. 

The position every scowload gravel, rubble, was recorded 
the same manner the canal-boat stone. These data were plotted 
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cross-section paper, each scow being shown plan. With the 
large number scow loads material different kinds, soon be- 
came evident that this method was quite inefficient, and was de- 
cided cross-section the deposits regularly. 20x 50-ft. scow, 
drawing about ft. water, was utilized for this purpose. The 
cross-sections were taken soundings, the scow being placed normal 
the axis and held position anchor buoys. The soundings 
were taken stations ft. apart, measured along the axis the 
break water, and 5-ft. intervals right angles the same. Small 
flexible wire cords were used measuring. The larger were in. and 
the smaller in. diameter. The larger cords were graduated every 
ft., and the smaller ones every The graduations were marked 
small loops wire passed around the cords. One end the wire 
was wound around the cord several times, then piece round 
iron was held against the cord, and the wire passed around both sev- 
eral times. was then cut off, and the bolt withdrawn, the case 
the large wire, the resulting loops served attach wooden floats 
held place harness snaps. The 20-ft. floats were painted white 
and the 100-ft. floats red. The heavy wire was usually 000 ft. long, 
and the floats kept from sinking. the smaller wire numbered 
brass tags indicated the distances. 

The soundings were plotted cross-section books, 
scale facilitate the work, skeleton cross-sec- 
tion was plotted previously each page, separate book being used 
for each 000-ft. section. 

These cross-sections served the purpose admirably, and gave 
graphic record, which showed glance the state the work under 
water. 

Owing the short length the sounding scow, which required 
number settings cover the full width the work, larger and 
more efficient one was built. order secure many cross-sec- 
tions possible without changing the scow’s position, was built 
with two hulls, each ft. wide and 120 ft. long, separated open 
space, ft. wide, thus forming catamaran. this arrangement 
four parallel cross-sections, ft. apart, could sounded from one 
position the scow. 


Two 10-ft. deck houses were scow, one serve 
plotting and computing room and one asa store-room for lines, etc. 
There were crank capstans each end for handling anchor and moor- 
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ing lines. The hulls were only ft. depth, order that the deck 
might low possible facilitate sounding operations, and were 
stiffened with suitable trussing and bracing. The vessel was most ap- 
propriately named the Gemini. 

inspection the prescribed cross-section, Fig. 18, will show 
what important factor this sounding was. Thousands tons 
material were being deposited daily, actually out sight, its posi- 
tion being known only approximately the moment dumping. 
From economical point view, was very important know that 
material was wasted outside the prescribed slopes, and that the 
proper co-relation between the gravel and rubble was being main- 
tained. This information could only obtained careful sound- 
ings, taken unremittingly, and following closely the depositing ma- 
terial all times. complicate matters further, berms had 
left for the placing the initial revetment stone both the lake and 
harbor sides, and ft. below water level, respectively. This re- 
quired very careful dumping, and, course, satisfactory results were 
only obtained skilfully placing the dump scows the proper 
ranges. 

The original suspended cable ranges not proving entirely satisfac- 
tory, so-called fences, Fig. 19, were erected each 000-ft. station. 


ALIGNMENT FENCE, 
19. 


They were composed row piles, driven 20-ft. centers, the 
sides which, near the tops, heavy planks were bolted, and which 
the range sights were attached. The latter were light strips wood, 
wide and from ft. long, painted white and red, 
readily discernible. 

The gravel was deposited height ft. below mean lake 
level, and then covered with rubble. This height was controlled, 
some extent, the draft the loaded scows, and therefore much 
the rubble over the gravel hearting had unloaded floating der- 
ricks, instead dumping. 

After the gravel had been thoroughly covered, the mound was 
ready receive the revetment stone. Owing the large size the 
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rubble used for the gravel facing, its surface was necessarily uneven 
and not proper condition receive the revetment blocks. Therefore 
had prepared properly before any these blocks could 
placed. the lake side this was done method termed leveling, 
which consisted dropping small stone hand side 
scow having one side aligned exactly parallel the axis the work. 
Blue-print tables had been prepared showing the proper depth the 
prescribed slope below mean lake level for each 2-ft. horizontal inter- 
val. The charge the work had copy these tables, 
and, placing the deck scow the proper range, the desired depth 
was known once, While the stone was being thrown over the edge 
the leveler passed back constantly sounding pole, 
regulating the deposit. The scow was always worked from the out- 
side toward.the center, ft. this means fairly 
uniform and smooth slope was secured. 

the the foundation for the stone being 
horizontal, more readily done. 

the lake side, course; which ft. from the axis, was 
placed level, for most werk, although first the stones were 
set atan angle. The succeeding stones were then placed 
normal was attained ‘hanging them 
the corners. 

the harbor the initial shape, and 
was set with the The position this apex was determined 

The 
placed without diver, and with; 
sounding poles the. beginning. 
times the water was. 
and the light favor- 
about under which conditions the work was much simplified. 

These favorable conditions light, however, were ‘not sufficient. 
for the necessary examinations of. 


the revetment stone, and therefore, watér telescopes 
such inspection. 
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The tubes the larger telescopes are and steel 
plates, riveted together and water-tight. The tubes are 
ins. long, with diameters ins. the object end and ins. the 
eyeend. They are fitted with handles, and with hooks for tackle 
raise and lower them, and are painted black inside. casting, 
riveted the object end the tube, provided with planed seats 
for plane object glass, ins. diameter and in. thick, and for 
the rubber packing and ring necessary make water-tight joints. 

Shorter telescopes were made afterward, suit shallower water, 
and there were three lengths use, namely, ft. 4ins.; ft. 10ins., 
and ft. weighing, respectively, 301, 222 and 171 lbs. These 
weights are somewhat less than the displacement the tubes, thus 
allowing them float about ft. out water. See Fig. 21. 

The revetment blocks, which are quarried out approximately 
cubical shape, with one dimension near ft. possible, were 
lowered into place juxtaposition, nearly practicable, 
cover fully the rubble behind them. course, their approximation 
the prescribed slope under water is. governed entirely the pre- 
pared foundation upon which they rest, yet proper state that 
the variation from the prescribed lines quite small, frequent 
soundings the finished work have demonstrated. 

the revetment stone approached the water surface, any little 
inequalities line and surface were rectified, order obtain 
straight possible. this stage the raising the 
mound was followed the deposit more rubble, both large and 
small, conforming closely possible the prescribed cross-section. 
The capping stones were then set compactly possible, with due 
regard for close joints and beds, and were well bedded. 

Templates giving the prescribed cross-section, placed close 
intervals, aided placing the capping stone the required grade. 

The extreme top the structure composed two trapezoidal- 
shaped stones and filler. These odd-shaped stones were espe- 
cially quarried drilling and blasting, cutting tools being used. 

revetment and capping stones were placed floating derricks, 
moored alongside the work, and held position hawsers leading 
anchor buoys. The scows loaded with stone were placed alongside 
the derrick the outside. When engaged setting revetment stone 
the lake side, small floats, averaging about ft. size, were 
placed between the floating derrick and the work. These floats served 


| 
| 
i | 
7 
| 


ri 


WATER TELESCOPE. 


Estimated Displacement, 293.0 lbs, 
Weight, 261.5 lbs. 
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base for the workmen manipulating the swinging stone, and also 


for the Government inspector. 

working crew consisted eight men, follows: One foreman, 
having general oversight and selecting the proper stone set; one 
assistant foreman, giving directions about swinging the stone, and 
raising and lowering the boom; two engine men, one whom operated 
the main hoisting engine, the other the swinging engine; two stone 
pickers, picking holes for the stone hooks, and two laborers the 
wall setting the stone. 

The setting the revetment and capping stone the lake side 
was oftentimes retarded and suspended during westerly winds, when 
that side. This delay, later, was dimin- 
ished some extent substituting for the original short booms two 
the derricks, two longer ones, and ft., thus making pos- 
sible place stone from the harbor side during stormy weather. 

the beginning the season 1899, the manner laying the 
massive capping stone the lake side was changed. During the 
previous season this capping stone had been laid with the longer axes 
the stones perpendicular the axis the structure, breaking 
joints well practicable. doing this there was some difficulty 


getting close joints, which were the more objectionable they 


ran from point ft. below mean lake level the top the rubble- 
mound was then decided lay the stone parallel with 
the axis the structure, the same the revetment. This change 
produced better class work making closer horizontal 
perpendicular joints. 

The several kinds material, small rubble, large rubble, gravel 
and large revetment and capping stone, were conveyed the work 
vessels. part the small rubble, from quarries the Erie 
Canal, was conveyed canal-boats. remainder the rubble, 
both small and large, was conveyed dump and deck scows, the 
capping only deck scows and the gravel only dump scows. 

When bids for the work were invited, originally, prices for the 
rubble were asked, both measurement the cubic yard, and 
displacement the ton. The latter method, however, was adopted 
for payment, more accurate results were secured. 

matter information, however, the measurement all stone 
brought from Lockport, during the season 1897, was determined 
both methods, and, from large number canal-boat loads, was 
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found that cu. yd. equalled 1.125 tons. This was limestone, and 
averaged lbs. per cubic foot. will observed that, loaded 
the canal-boats, the voids were exactly per cent. All vessels 
carrying material were measured accurately, and the displacement 
canal-boats and deck scows was computed carefully from the duta 
thus obtained. For the dump scows only the cubic contents the 
pockets were determined. 

All the vessels, except the gravel scows, were provided with glass 
water-gauges, located amidships, the bow and the stern. Each 
gauge consists 3-in. wrought-iron stand-pipe screwed into the 
bottom the boat. glass tube, similar those used for steam 
boilers, connected with the stand-pipe brass fittings. hard- 
wood rule, graduated feet, tenths and hundredths, placed along- 
side the glass tube, for recording the height the water. The rule 
placed with reference the bottom the boat that the readings 
give the same time the exact draft the boat. The capacity the 
scows, loaded various depths, was readily determined from dis- 
placement tables carefully prepared for each scow. 

check the calculated displacement the scows, test weighings 
were made the opening each season. These consisted weigh- 
ing one more loads track scale and making comparison with 
the tabulated results. surprising agreement was found nearly 
every case, the difference being only trifling. 

Large rubble were brought the work dump 
scows. loads could not determined displacement, the 
carrying capacity each particular scow was ascertained reading 
the gauges when light, and frequent intervals during loading, the 
stone all the while being weighed reliable track scale. 
simply dividing the difference the gauge readings into the weighed 
loads ready multiplier for future loads was obtained. may 
noted here that this multiplier varied somewhat with the size the 
stone. 

The gravel was measured the pockets the dump scows. Suit- 
able tables, giving the contents the pockets the deck level, and 
for fractional parts feet above and below this datum, were prepared, 
and from these the contents full partial loads could ascertained 
quickly. 

Each scow was numbered named, and and its load were iden- 
tified ticket,” recording the light and loaded gauge 
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readings, the quantity and kind material composing its load, its 
running number, and the date. These tickets were issued and signed 
the inspector the place loading. The ticket accompanied the 
loaded scow the work, and record the loaded and light 
readings, the kind and quantity material, and when and where 
placed, was marked thereon. These tickets afterward formed the basis 
for the reports and records material for the monthly payments. 

The construction the stone breakwater occupied six seasons, 
season’s work being generally seven months, from May Novem- 
ber, inclusive. 

The contract length the stone breakwater was 000 ft., but, 
whilé the work was progress, Major Symons recommended that the 
timber cribwork section reduced, thus adding 250 ft. the stone 
breakwater, making its length 250 ft. 

The gravel hearting was only delivered large dump scows, towed 
the Niagara River, during the years 1897, 1898 and 1900, practically 
none being placed 1899. That deposited during 1901 and 1902 was 
delivered small dump scows, towed the Black Rock Harbor and 
Erie Canal, entrance the latter being obtained through the so-called 
ship lock, connecting with the Niagara River immediately below the 
International Bridge. 

addition the rubble from the United States and Canadian 
quarries, considerable quantity was dredged from the wrecked shore 
arm and obtained from blasting operations Buffalo Creek. 

Table No. shows the quantities material deposited the stone 


breakwater (rubble mound) for each year under construction, also the 
cost: 


TABLE No. 
RUBBLE. 
Season of: Cubic From stone, cost. 


From 


| 


569 802 681 079 110 928.84 
950 444 145 814 582 242 120.88 
816 504 118 376 471 228 724.12 
245 242 208 391 464 408 $908 
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The work was practically completed December 10th, 1902, 
which date 000 ft. the harbor side settled, followed December 


14th, 1902, 300 ft. more. this time the detailed cost given 
Table Nos. and 10. 


TABLE No. Cost STONE BREAKWATER. 


The difference between the totals Tables Nos. and due 
the fractional half-cents the monthly payments. 


TABLE No. STONE BREAKWATER, 


AND 
QUANTITIES. Cost. 
Per linear Per linear 
Total. foot. Total. foot. 
245 242 cu. yds. $31 881.46 
667 799.2 tons. 527 282.57 72.78 
Capping Stone............ 284 878.5 tons. 348 975.66 48.13 


Table No. shows the quantities rubble and capping stone placed 
the stone during the seasons 1899, 1900, 1901 and 1902, 
also the estimated amount labor and the resulting cost per ton 
material placed. 

Table No. shows the quantities revetment and capping stone 
placed the stone breakwater during the working seasons 1900, 
1901 and 1902. 

Administration and all parts the break- 
water were under the immediate supervision assistant engineer, 


who regulated the contractors’ operations secure the specified 
results, and who had general charge the inspection and records 
the work and was responsible for the official reports. 
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THE BREAKWATER THE YEARS 1899 1902; 
THE Cost LABOR AND THE PER Ton. 


Estimated 
stone, Cost per ton 
for labor. 
116 976.7 988.7 171 965.4 428.06 
137 879.8 470.9 231 350.7 643.76 
Totals..... 458 397.6 268 416.4 726 814.0 $98 591.80 


handle the material 1899 there were generally four floating derricks, one 
being for part the time the adjoining timber cribwork. The average 
working force consisted one superintendent, one assistant superintendent, one time- 
keeper, five foremen, eight enginemen, thirty-one laborers, one diver, one diver’s tender 
and six boatmen, assisted twoor three tugs and three yawl boats. Only two scow- 
loads gravel, 942 cu. yds., were deposited during the season. 

Handle the material 1900 there were floating derricks, one 
them being engaged for part the time the timber cribwork. 

handle the material 1901 there were generally five floating derricks. There 
were, also, six tugs, two tenders the derricks, also placing stone and gravel scows, 
one towing gravel from the Niagara River, one rubble and capping stone from 
the Canadian quarry, one was used general utility for carrying men, supplies, 
etc., and one was engaged watching night. The quantity gravel deposited was 
950 cu. yds. This gravel was towed the Black Rock Harbor and Erie Canal 
small dump scows having average capacity 154 cu. yds. 

handle the material 1902 there were generally five derricks. There 
were also five tugs, exclusive the tug towing gravel. The gravel hearting was com- 

July ist, 1902, 26816 cu. yds. having been deposited during the season. 
average working force was one superintendent, one timekeeper, five foremen, 
five assistant foremen, ten enginemen, twenty derrickmen, twenty laborers, one diver 
and tender, four carpenters, one leveler, one blacksmith, nine one cable 
splicer, two watchmen and two scowmen. 


TABLE No. REVETMENT AND STONE 
THE STONE BREAKWATER DURING THE YEARS 1900, 1901 1902. 


REVETMENT AND CAPPING STONE 


Number Average |Maximum 
weight weight 
Year working Tons. Number. stone, 
days. tons. tons. 

Totals and averages... 991.3 1171.8 064 6.26 18.0 


the rubble-mound construction the placement and measure- 
ment materials were inspected and determined chief inspector, 
assisted several inspectors required. placement the 
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under-water materials was particularly important, and required ‘con- 
stant supervision. This was especially the case the revetment 


stones, great care being taken that all stones were actual contact 


and set the required grade. The harbor angle stones required 


more than ordinary attention. Usually, one inspector was assigned 
each the floating derricks which all the revetment and capping 
stones, were set. addition their regular duties, these 
were required submit daily report operations, giving detail 
the kind and number stone blocks placed, and their position the 
structure. The quantity rubble used, and where placed, were also 
reported when handled the derricks. force and 
plant were also noted, well the state the weather, wind and 
sea. Delays and important happenings were reported they occurred. 
Similar reports, other blank forms, were rendered daily for rubble 
and gravel deposited. 

These daily reports were very useful keeping the office fully 
informed the state and progress the work. 

Weekly reports all operations were also submitted, and these 
formed the basis for the monthly reports and the vouchers for pay- 
ments. 

The trench operations were inspected inspector quartered 
the dredge. One inspector supervised the timber-crib breakwater 
construction, including the stone foundation the trench filling, and 
another inspector the construction the timber cribs the con- 
tractors’ yard. These inspectors submitted only weekly reports, but 
daily reports would have been very desirable. 

inspector was also stationed the contractors’ Canadian 
quarry, and inspected and measured the several kinds stone. 
This inspector submitted daily reports giving the details rubble 
and capping stone shipped, numbers names vessels and their 
loads tons. addition, the contractors’ force and plant was 


reported, well the weather, delays and other important 
also sent weekly reports. 


The sounding operations were under the supervision in- 
spector, who directed the work and recorded and plotted the sound- 
leadsman made the soundings, and several 


laborers from the contractors’ force assisted placing the scow 
position. 


ings fast made. 
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settlement portion the stone breakwater during severe storm 
December 10th, 1902, which was followed minor settlement 
few days later, has been referred to. relation thereto, follow- 
ing, taken from the official report Major Symons, interest. See 
Fig. 22. 

making the original estimates for this work was expected that 
the whole structure would settle into the underlying mud 
considerable depth, and the quantities the estimate provided 
for settlement ft.; ft. the edges and ft. the 
center the structure. 

the work proceeded was found that the expected settlement 
did not take place, the total settlement any place being not more 
than ft. The whole rubble-mound breakwater, 250 ft. long 
from its northern end the junction with the timber-crib breakwater 
the south was almost completed, with practically settlement 
taking place. 

About three days’ more work were required put place the top 
course capping stone the extreme southern end, and chink few 
holes the capping. The materials necessary for this work were 
afloat the site, and the contractors were making the most strenuous 
efforts complete the work working the inclement season 
the year, giving bonuses their men, etc., when, December 10th, 
1902, during violent storm, length about 000 ft. sank into the 
clay about ft., thus postponing the full completion until the 
next season. Five days later, 300 ft. more, the south, went down. 

The drop commences 900 ft. from the north end the break- 
water and extends about 200 ft., almost the timber crib. The 
main portion standing has been completed from one five years, 
and, therefore, has had such tests indicate its permanent stability. 
The portion that went down was built during the past season. The 
inference that the clay bottom the settled portion has less bear- 
ing power than has the north, where the structure has stood all 
right. This inference strengthened the fact that the borings 


taken before the work was started show that the mud beneath the 


standing part there were strata ‘‘sand,” sand,” gravel,’ 
gravel,” etc. These strata are entirely absent the bottom 
beneath the settled part the breakwater, where the borings show 
red and soft red clay” only. 
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STONE BREAKWATER 
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Thus clear that the lake bottom with strata sand and gravel 
interspersed has sufficient supporting power sustain the structure 
without serious settlement, while without these strata has not, and 
the breakwater built sank just about the extent which was 
estimated the whole would sink the beginning the work. 

The settlement peculiar, only the rear portion sank, leaving 
the front from the water line lakeward place and apparently undis- 
turbed. The break occurred the lake-side water line, the high 
superstructure and all the landward portion settling, very slight 
angle from the vertical, about water level, some portions being 
little above and other portions little below water. The movement 
was apparently settling and sliding landward under the pounding 
the terrific seas. This indicates that the clay has sufficient sus- 
taining power for the front, with its gentle slope and water cushion, 
but that the steeper rear slope with the battering the waves was 
too much for it. 

believed that the settled portion has reached such condition 
will render safe rebuild the superstructure without fear 
further trouble, but, make the future more assured, proposed 
correct the irregularities the harbor slope and widen the base 
where necessary placing more stone the toe the slope, gen- 
erally indicated Fig. 22, which shows the structure built, 
settled, and proposed rebuild it. 

The proposed method repairing the damage follows:. 

a.—Place rip-rap along the harbor slope make the general har- 
bor slope about equal the lake-side slope. 

b.—Remove all capping stone, particularly angle stones, the 
sunken portion, which can conveniently gotten at, and use them 
again the new superstructure the proper time. 

c.—Arrange the stone properly foundation for new super- 
structure. 

d.—Build new superstructure the same lines the old one, 
making the alignment fit with the standing portions each side 
it. 

—To add security the entire structure, also proposed 
place rubble along the inner slope, thus widening the harbor toe and 
tending correct any inolination settling and sliding. 
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performing this work repair, the original contractors, Hughes 
Brothers and Bangs, have agreed take and reset all the capping 
stone that can economically saved, and arrange the settled portion 
properly foundation for the new superstructure, for which work 
they are receive their actual account plus 15% and fair 
rental for the derricks, boats, etc., used. All additional materials 
will furnished the original contract prices. expected that 
the entire structure will completed early the summer 1903. 


Foremen (and foreman carpenters)....... 
Timekeeper, and cable splicer.............. 60.00 
Swing enginemen, watchmen and scowmen.. 50.00 
Derrickmen, pickers and setters............ 
Carpenters and blacksmiths............ per day. 


Pornt Section. BREAKWATER. 


Dredging.—This breakwater extends from Stony Point north- 
westerly direction for 802.9 ft., into ft. water. The entire 
break water, with the exception few hundred feet next the shore, 
stands upon artificial foundation sand and gravel, the 
level the original lake bottom, this material having been back- 
filled into trench dredged practically bed-rock. 

The breakwater consists five sections timber cribwork 
varying dimensions, beginning with the smallest one the shure end, 
the depths the cribs corresponding approximately with the in- 
creasing depth water, until ft. reached, which the maximum 
depth the cribs. deeper water they rest rubble foundation 
built that level. 
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1897. 
Name dredge. Stations. Hours yardsof Dates. Material. 

tion Day. Hour. 

1898. 

Brian 2934 1998 March 25th April 5th. 400 Some clay; hard clay and boulders. 
Tipperary Boy...| 325 April 11th. Hard clay and boulders; hardpan. 


Total, 1898, 934 cu. yds. scowloads. 


1014 


| 
i | 
| 
| 
7 
i=] 
co 
| 
2 | 
| | 
| 
| 
| 
° | 
= | | 
| 
i=] 


BUFFALO BREAKWATER. 1015 


The first dredging was done June 29th and July 1897, 
about ft. water, but, material for back-filling was hand, 
work was stopped temporarily. Owing the shallow cutting re- 
quired the shore end, the contractors attempted remove the ma- 
terial plowing and scraping, but this was ineffectual and had 
abandoned. Then small dipper dredge shallow draft (24 ft.) 
began work August 4th, 1897, and dredged out the trench the 
depth required for the first section cribs, 300 ft. long and ft. 
deep. This dredging was necessarily slow and tedious, account 
the many large boulders the clay. deeper water two dipper- 
dredges greater draft and capacity worked until October 4th, 1897, 
when dredging was suspended for the season. 

Dredging was resumed March 25th, 1898, the dredge Brian 
Boru. During the night April 5th and 6th, 1898, while being towed 
shelter during heavy storm, the dredge sank, and three men were 
drowned. Two other dipper dredges completed that part the 
work. 

The work accomplished these dipper dredges during the seasons 
1897 and 1898 shown Table No. 14. 

The remainder the trench was excavated the clam-shell 
dredge Fin MacCool, built especially for this work the Osgood 
Dredge Co., Albany, 

The hull proper 120 ft. long, ft. beam and ft. ins. deep. 
Secured the forward end false bow working platform, ft. 
long, and aft there moulded false stern, ft. long, added 
make the dredge tow more easily and furnish additional deck room, 
making the total length 151 ft. The dredge always towed stern first. 
The A-frame and gallows-frame, forward, are ft. high; the boom 
ft. long. 

The usual manner anchoring dredges deep water anchor 
lines run out from the deck level; but these lines would interfere 
seriously with the free handling scows and tugs alongside, this 
dredge was supplied with two single spuds, each ft. one 
each end, which acted attachments for the anchor cables which the 
was held place. The bow spud ft. below the bot- 
tom the hull, the stern spud extends ordinarily ft. below, but 
can dropped the bottom when the water not more than ft. 
deep, thus holding the dredge place temporarily when running 
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cables. the bottom each spud there are three sheaves, two set 
across the spud and one fore and aft. deck, close the spud, are 
three other sheaves. The anchor cables pass from the drums over the 
deck sheaves, down the sides the spuds, under the bottom sheaves, 
and out the anchor buoys, stockless anchors being used. 

This arrangement holds the dredge with anchors five different 
directions, the lines being about ft. under water, thus allowing 
scows and tugs come alongside the dredge freely. See Fig. 23. 


No.4 anchor No.3 anchor. 
1858 Ibs, 
2382 Ibs. 2387 tbs. 
Floats 


The original anchors were too light, and, in October, 
1898, heavier ones were substituted as shown 
N@&5 anchor by the figures underlined. 
2782 Ibs. 
4370 Ibs. 


No.2 anchor No.1 anchor 


2382 Ibs. 2387 Ibs. 
2782 lbs. 3680 Ibs. Later, an iron can buoy substituted, 
cylindrical, 6'long, 214’ diameter, 
: with ring in each end. 
Tron can buoy Wooden float 


‘Wooden 


Spar buoy 


age 


Second arrangement 


First arrangemen: 


Iron can buoy 


Tron can buoy 


Spar buoy 


Anchor Lake Bottom ‘Anchor 


METHODS ANCHORING DREDGES. 
23. 


The dredge moved taking paying out the side and stern 
cables. The forward spud raised cable attached the hull, 
passing down through the longitudinal sheave and over sheave 
and thence auxiliary engine. The stern spud raised blocks 
and cables the stern A-frame, the cables passing the stern 
auxiliary engine. 

The main engine, placed amidships, operates the dredge. 
24-in., double-cylinder engine with Stephenson reversing gear, and 
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two 60-in. drums, with gear faces ft. 
diameter, and double frictions the Y-type, the male being 
iron and the female Y’s lined with The clam-shell 
bucket cu. yds. capacity, and weighs 30,000 

There are also two secondary engines, one aft and the other for- 
ward, handle the anchor and other lines. Steam furnished 
two Roberts water-tube boilers. 

The trial performance this dredge was made March 234d, 1898, 
when starting work the Stony Point section Station The hard 
bottom, mostly sand and gravel, which overlaid the soft clay, inter- 
fered somewhat with the progress first. There was trouble, 


Range for top 
Range for bottom 
Range for bottom 


Range for top 


‘Mean Lake Level 


Trench 
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SYSTEM RANGES. 
24. 
also, with the hoisting cables, which had tendency run off the 
sheaves. The heating the frictions also caused little delay 
first, especially when working deep water, but this was soon 
remedied. 


the beginning, ranges guide the work were placed the 
shore and the cribwork, which followed the dredging closely. 
the trench advanced, system ranges, shown Fig. 24, was 
used. This arrangement the same that used the construction 
the rubble mound. The location the dredge, longitudinally, 
was determined measuring distances from fixed piles, which were 
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usually driven 40)-ft. intervals, corresponding Stations 
12, 16, ete. 

This system ranges was difficult maintain, the piles were 
not very stable deep water, especially when subject blows and 
shocks from passing tugs and scows. 

Method Work.—At first, the whole width the trench was ex- 
cavated moving the dredge laterally, required. August, 1898, 
this method was changed. cut, the width the dredge, was made 
along one side, for 100 ft. more, then another cut back through the 
center, and finally the other side. 

The dredge lay working position all the time, except Sun- 
days and during violent storms, when was towed shelter. Dur- 
ing ordinary storms was allowed tail off with the sea. 


TABLE No. THE Fin MacCool, THE 
1898. 


Began work March 23d, 1898; stopped work October 7th, 1898. 


{ s =| | a >a bs 

| 
6.014 


hours’ delay caused wreck dredge Brian Boru. 


tug Pete 


106% hours 8.87 days. 


This value. 6.01 161.4 being the total time worked less time spent the 


wreck the tug Brian Boru, the tug Pete Gorman, and leveling foundation timber 
cribs; and properly should not charged against the work. 
This 1254 106.5 hours (as above) the net delay chargeable the work. 
Hours worked plus hours delayed 118.5. 
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For the dredged material, dump scows, ranging 
capacity from 250 500 cu. yds., were used. The distance the 
dumping grounds varied from ft. The round trip oc- 
cupied generally about hours. The working day, during the sum- 
hour for breakfast and the same time for dinner. Late the fall the 
working time was decreased about hours. The crew the 
dredge consisted one runner, eight nine men and two cooks. The 
work this dredge, for the season 1898, shown Table No. 15. 

The greatest quantity dredged one day was3 565 cu. yds. Au- 
gust 30th, 1898, when twelve scows were loaded twelve hours, 
average rate 297 cu. yds. per hour. The greatest rate for one scow 
that date was 430 cu. yds. per hour. 

During the season 1898 the delays the dredge Fin Mac Cool, 
the Stony Point Section, and their causes, were follows: 


Heavy seas 

Anchors and placing dredge 
Sheaves 

Wreck dredge Brian Boru 
Frictions engines 

Dump scows 

Towing and coaling 

Wreck tug Pete Gorman 
Tug Paddy Miles 


Holidays 
Not known 


The short delay for breakfast and dinner each day distributed 
among the other delays. The delay due the wreck the dredge 


Brian Boru and Pete Gorman should deducted, thus making 
the net delays hours. 
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The condition the trench, while being excavated and after com- 
pletion, was determined closely soundings. The cross-sections 
were plotted fast the soundings were taken, and furnished 
reliable record the condition the trench all times. 

When the plans were under consideration, great deal uncer- 
tainty existed the slopes which the sides the great trench 
excavated the soft clay underlying the lake would stand. Opinions 
varied greatly. For purposes estimate, the slopes were assumed 
and, for the standard crib, ft. wide, was intended that 
the trench should have bottom width was found, how- 
ever, much the gratification those charge, that the slopes 
stood much steeper angles than and was practicable, 
without increasing the quantity excavation, widen the bottom 
the trench, this giving greater stability the structure. This 
trench excavation important and interesting feature the 
work. 

The dredging was completed October 7th, 1898. 

Cost Dredging.—The total quantity material excavated was 
follows: 


Season 1897, dipper dredges...... 117 cu. yds. 


206 861 cu. yds. 


The contract price was cents per cubic yard, scow measure- 
ment, making the cost $37 234.98. The place measurement the 
trench 192 258 cu. yds., showing increase cu. yds. 
scow measurement, 7.6 per cent. 

The figures, showing the cost the work the con- 
tractor, are based upon data taken during the progress the work, 
and may assumed approximate fairly the actual cost. 


Assumed value clam-shell dredge Fin $60 000 


dump scow Policy.... 12000 


| 
Total assumed $92 000 
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Annual depreciation, per cent. 
Annual interest, investment, per cent. 
Working days, Stony Point Section 


Proportion depreciation and interest chargeable to: 


Stony Point Section 
South Harbor Section 


80.3 per cent. 


Depreciation and interest for one year, $14 720, chargeable to: 


Stony Point Section $11 820.16 


The following wages, near known, were paid during the 
season 1898: 


Fireman, greaser and watchman 
Deck hands and cook 
Cook’s help 


Extra men, without board 


The cost supplies per month for each man’s board assumed 
$12.00. 


During the season 1899, from careful records, the quantity 


coal consumed per 100 cu. yds. material excavated was found 
0.31 ton. The cost was $1.50 per ton. 


Assume 1.0 ton per 100 cu. yds. April, 1898. 
sé 0.7 100 66 May, 


during remainder the season. 


The expense the siphoning-out scow Faugh Ballagh 


Engineman’s wages $40.00 per month. 
Coal, tons $1.50 


q 
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1.50 per day. 
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Superintendent’s wages (half charged 
dredge, and half gravel filling) .... $125.00 per month. 


Miscellaneous 
Ranges, piles, etc., for the season......... 
Small tug, coaled, total cost.............. 20.00 per day. 


The operating expeuses for the season, March October, 1898, 
were then follows: 


Superintendence.................. 
Rope cables, lines, etc............. 246.15 
Blacksmith’s 076.93 
615 .38 
Total operating expenses dredge 

Interest and depreciation.......... 820.16 

$26 672.29 

Quantity excavated the dredge........... 193 810 cu. yds. 
Total cost per cubic yard......... cente. 
Interest and depreciation, per cubic yard.... 
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Trench the trench had reached the prescribed depth, 
was filled with gravel. This material was dredged the Brian 
Boru, from the bed the Niagara River, the vicinity the foot 
Ferry Street, Buffalo, short distance above the International Bridge. 
The dimensions the Brian are follows: Steel hull, ft. 
long, ft. wide, 8-ft. sides; draft, ft.; engine, 14-inch 

The first load gravel was deposited the trench 
September 27th, 1897, between Stations 80. Five scow- 
loads were deposited during October, 1897, the last one October 
26th, 1897, total 478 cu. yds. during the season. 

The two dump scows which were used for transporting this ma- 
terial, are entirely steel. Each 175 ft. long, ft. beam and has 
pockets. The capacity each pocket deck level 68.5 cu. yds. 
total 548 cu. yds. They were not loaded their full capacity, 
however, account the difficulty towing the rapid current 
the river. The average scow load for the season 1897 was 413 
eu. yds. 

The trench filling, which was suspended the close the season 
1897, was resumed April 28th, 1898, when two small scowloads 
gravel, containing respectively and cu. yds., were deposited. 
The regular depositing gravel with the large scows was not re- 
sumed until May 18th, 1898, when one scow load was placed. During 
the season 1898, two large wooden dump scows were also used for 
transporting gravel. Each 175 ft. long, ft. beam and contains 
eight pockets. The capacity each pocket deck level cu. 
yds., total 544 cu. yds. During the months July and Oc- 
tober, 1898, some smaller scows were also used transporting gravel. 
The total quantity gravel deposited the Stony Point trench 
given Table No. 16. 

The back-filling with gravel followed the excavation closely 
practicable. This was done dumping the material from the scows 
until the filling reached the level the lake bottom the prescribed 
grade. The gravel, dropping through about ft. water, spread 
out over the trench without forming lumps hollows. The position 
each scow the time dumping was noted, and was usually de- 
termined measurement from the piles set regular intervals, 


stated previously. The position the scows was also determined 
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from small spar buoys, fixed known distances and right angles 
the axial line. 
TABLE No. 16. 


Number Average 

ee 18 7 499 416.6 

Total and 501 198 383 386.0 


Soundings over the deposited material were also taken frequently 
determine its elevation and guard against putting more than would 
reach above the original lake bottom. 

The cost 193 383 cu. yds. gravel filling, cents per cubic 
yard, was $25 139.79. 

Rubble Foundation.—The next step, after the completion the 
gravel filling, was the building the rubble foundation for the 
timber cribs. 

the beginning, the stone for this was brought mainly from the 
line the Erie Canal, the contract not permitting the use Canadian 
stone. was brought the work canal-boats, and was deposited 
being dropped over the sides, piece piece. 

the stone breakwater, the canal-boats were aligned carefully 
the site the work, and moved laterally across the same the 
work progressed. The fixed grade below mean lake level being known, 
the elevation the foundation was regulated sounding 
ously with graduated pole, having iron cross-piece the bottom, 
prevent entering the interstices the stone. 

Later, deeper water, the lower part the foundation was built 
dumping stone from dump scows, then topping out with stone 
deposited mentioned above. this later work, Canadian stone 
was used, supplemental contract having been entered into, allow 
its use. 
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The cost the rubble foundation was follows: 


Foundation stone from United 


Foundation stone from Can- 
Rubble wall stone........... 202.5 tons cents.... 162.00 


Timber Cribwork.—As previously stated, the Stony Point break- 
timber-crib structure filled with stone, resting upon 
foundation, placed upon gravel filling. 

The substructure consists number cribs different widths 
and depths, but uniform length, except one case. Where the 
depth the water was ft. more, the so-called standard cribs, 
ft. long, ft. wide and ft. deep, were used. the shallow 
water, the shore was approached, the width and depth the cribs 
were reduced correspond. 

The superstructure varies the different crib sections; the height 
the banquette the harbor side uniformly ft. above mean lake 
level; that the parapet, for distance 420 ft. the shore end, 
ft., the remainder being ft. The dimensions the different 
sections are shown Table No. 17. 


TABLE No. 17. 


CRIBs. 


Banquette. Middle Deck. Parapet. 

SeCTIO ee! feet. 


All heights are above water level. 
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Designs.—The cribwork the same general design that here- 
tofore used the breakwater, but several changes were made 
the details, the most important being follows: 

Corner and Side Posts Cribs.—Corner posts and side posts are 
screw-bolted the crib walls and cross-ties. These posts not ex- 
tend into the superstructure, but only the top the cribs, and 
are intended, principally, strengthen the cribs below water level 
anticipatory placing concrete superstructure upon them the 
future. The cribs are ft. long, and posts are set each corner and 
two equal spaces along, the lake and harbor walls, making eight 

Planking Cribs.—The grillage planking confined 
the middle third the crib, leaving ample space for the stone filling 
run out under the crib walls and support them case under- 
mining. 

Drift-Bolts Cribs.—Button-head drift-bolts are used throughout, 
place headless bolts, for the timbers above the grillage bottoms. 

Cross-ties and alternate cross-ties are made 
three pieces timber overlapping each other, and securely 
bolted, thus avoiding unnecessary number 36-ft. sticks timber 
and obtaining diversified bill timber. 

Benches superstructure the former con- 
struction (after 1887) was ft. high and ft. wide, surmounted 
the lake side parapet ft. high and ft. wide. order dis- 
tribute the weight stone filling more evenly, the superstructure 
designed three benches,” the first ft. high and ft. wide, the 
second ft. high and ft. wide, and the third, parapet, ft. high 
and ft. wide. The banquette thus lowered ft., which reduces 
the likelihood the guards vessels moored the breakwater 
the breakwater wall. The height the structure 
above water the lake side remains, heretofore, ft. 

Deck Planking deck plank laid lengthwise 
with the breakwater, instead crosswise, and there are walings along 
all edges, order that mooring lines may not catch the cracks and 
wrench off the planks. 

Mooring Posts Superstructure.—Iron mooring posts and cleats are 
used, instead mooring rings, which are inconvenient for heavy lines. 
The posts and cleats are set alternately along the banquette, about 
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100 ft. apart. The posts are intended for use when the cleats may 
have been covered with ice and thus rendered unserviceable. 

Timber.—All the timbers the cribs are ins. square, with the 
exception the grillage plank and cross-tie supports, which are 
The length the timbers varies from ft. The 
cribs are hemlock, except the three top courses and the upright 
posts, which are white pine. Square butt joints are used the 
side and end walls. the corners the timbers are left with their 
full dimensions, the side and end timbers overlapping each other 
alternately. 

The cribs consist two essential parts: The grillage bottom, made 
three courses timber firmly fastened screw-bolts; and 
the remaining part, made nineteen courses, securely fastened 
drift-bolts. 

The side walls are connected cross-ties, spaced 10-ft. centers 
(except the first bottom course, where they are 5-ft. centers). 
Half the cross-ties are one piece, the full width the cribs, ft., 
while those the other half are three pieces overlapping each 
other. The cross-ties are gained into the side walls. The gains are 
fan-shaped, ins. wide the outer, and ins. wide the inner, 
end. The depth the gains ins. being cut out the so- 
called receiving, and ins. out the covering, course. The tie-heads 
correspond these dimensions, and are the full depth the timber. 

There are two rows longitudinal ties each crib, spaced 13-ft. 
centers. They are usually ft. long, overlapping each other. The 
cross and longitudinal ties are spaced permit the crossing 


the timbers without cutting. all intersections the two are fastened 
drift-bolts ins. long. 


The grillage floor made one row 12-in. timbers 


extending the whole length (in the center) the crib, and four rows 
plank. first constructed, these planks were confined 
the middle third the cribs, that is, between the two rows 
longitudinal ties. Although spaced with 1-ft. intervals, experience 
demonstrated that the stone filling did not pass through these narrow 
openings, but left large spaces entirely devoid stone. Subse- 
quently, two rows planking, one each side the center longi- 
tudinal, were removed and placed one each side the outer 


longitudinal. gave two openings, the entire length the crib, 
each ft. wide. 
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The bottom the lower series cross-ties 6ins. higher than 
that the side and end walls, leaving space that depth under 
the same. This allowed more less settlement, avoid which, 
12-in. pieces timber were attached the bottom some the 
ties, giving them equal bearing with the side walls. 

The timbers the side and end walls above the grillage are 
fastened with drift-bolts, ins. long, driven each course, passing 
through two whole courses, and entering ins. into the third. The 
bolts are also arranged that there are two each course each 
bay panel formed the ties. The bolts are driven slight 
angle, prevent one striking another. 

The posts the corners and the sides are ft. long. The 
corner posts are screw-bolted the crib walls, and the side posts 
the crib walls and cross-ties. 

All are ins. diameter and have two round steel 
washers, ins. diameter and thick. The heads the screw- 
bolts passing through the corner posts and end walls are countersunk, 
and, consequently, are ins. shorter than those passing through the 
corner and side posts and side walls. The countersinking allows the 
cribs come into actual contact when sunk position. some 
few cases the upper screw-bolts passing through the side walls were 
also countersunk, prevent being bent straight-sided vessels 
moored alongside the breakwater. The heads the screw-bolts 
fastening the grillage walls were also countersunk. 

After each covering course was placed, 24-in. drift-bolt was 
driven through and through the tie-head into the receiving course. 

mentioned previously, diversified bill timber was secured 
putting the side walls timbers even lengths from 
ft., the various lengths being placed such sequence break 
joints well. 

The arrangement the cross- and longitudinal- ties was such 
form series pockets recesses, thus avoiding the continuity 
straight walls, the projecting timbers forming rests for the interior 
stone filling. 

Farm Framing Yard.—The cribs were built construction 
yard established the contractors the extreme south end the 
Buffalo City Ship Canal, property owned the Lehigh Valley 
Railroad Company, and known the Tifft Farm docks. Timber and 
supplies were delivered there vessel and rail. 
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The construction yard covered area about 600 200 ft., the 
length fronting slip the City Ship Canal. Facing this slip 
was dock, 300 ft. long and ft. wide, supported two lines 
piles, one driven along the outer edge and the other down the center. 
These piles were capped with 12x timbers, with their inner 
ends resting upon the bank. The piles were spaced about 9-ft. 
centers. timber fenders were bolted the outer row. The floor 
the dock was composed 3-in. plank securely spiked. There were 
three derricks this dock, two large ones for handling timber for 
crib construction, and smaller one for loading scows with timber for 
the superstructure. 

The launching ways were about 150 ft. south the dock, and con- 
sisted skeleton timber structure, supported the outer end 
piles. Back the launching ways were two timber platforms, one 
ft., the other ft., and between them there was derrick 
for transferring timber from the platform the work the ways. 
Timber arriving rail was unloaded derrick. 

office, store-house, dwellings and other buildings completed 
the plant, which was added, later, building containing saw-mill, 
gaining and tie-head machinery. 

The hemlock timber was cut Elk and Jefferson Counties, Pa., 
sawed and shipped from Carrier Station, the Buffalo, Rochester and 
Pittsburg Railroad, Buffalo, and thence over the tracks the Le- 
high Valley Railroad the framing yard. The pine timber came 
from Michigan, being shipped from Marquette Buffalo vessel. 

The grillage bottom, composed three courses timbers and bal- 
last floor, was constructed the ways. The corner and side posts 
were also attached place. The structure was then launched and 
the required courses side and wall timbers added, well the in- 
terior ties. 

The framing crib No. one the smaller shore-end cribs, ft. 
deep, ft. wide and ft. long, was begun July 23d, 1897. was 
built entirely hemlock, and contained posts. 

the end the working season 1897, seventeen cribs had been 
launched, which five were ft., one was 120 ft., 
cribs were wholly completed, while five the 60-ft. cribs 
were only partly completed, generally lacking the three top 
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pine. During the working season about one crib per week was 
launched. 

During the season 1897, 640120 ft., M., timber were 
framed the yard. The average working force was one foreman, 
two carpenters, eight laborers and one team with driver. 

Work the yard was resumed May 16th, 1898. Crib No. 21, 
the last the cribs reduced section, was finished June 24th, 1898. 
Crib No. 22, the first the cribs standard section, ft., 
hemlock, and 096 ft., M., pine—a total 680 ft., 
summary the bolts this crib given Table No. 18. 


Length, Diameter, Weight Total 

Kind bolts. Number. each, weight, 

inches. inches. pounds. pounds. 
= 54 264 13 15.12 2 323.48 


includes one nut and two washers. The washers were 

The theoretical quantity rubble required fill one 
442.18 cu. yds. 

Owing insufficient depth water the Buffalo City Ship Canal 
float the standard cribs, they were only framed nineteen courses 
high the yard. The remaining three courses pine were placed 
the cribs after towing them Stony Point. 

Considerable work was done the framing yard during the 
season 1898. Thirty-three cribs were launched, which four were 
the reduced section, ft., the others being standard size. 
The quantity timber framed and placed the cribs the yard during 
the season was 022 928 ft., Generally, two cribs time 
were under construction. The force was two foremen, thirteen 
eighteen carpenters, from thirty thirty-eight laborers, and three 
teams with drivers. During the busy part the season two cribs 
per week were launched. 
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During 1898 two machines for cutting gains and tie-heads were 
installed, but was late September before they were running 
order. Late the fall the contractors also concluded build the 
cribs lengths 180 ft., but with the usual crib bottoms. Three 
these were bolted together, and the courses above them were made 
continuous. the close the season, one crib this length was 
under construction, having been built nine courses high. These 
cribs were intended for the South Harbor Section. 

Work the Breakwater first crib was sunk August 
26th, 1897. Its dimensions were ft., being one five 
that size. the end the season 1897, six cribs had been placed, 
180 ft. superstructure had been completed and 240 ft. were partly 
finished. 

storm November 6th, 1897, the wind blowing miles 
hour, moved the outer end the unfinished work ft. toward the 
harbor side. likely that the narrow width the rubble founda- 
tion that side aggravated this movement. 

April 1898, operations the breakwater site were begun, 
and consisted the rectification the outer end the work which 
had been displaced. After this had been rectified the superstructure 
was commenced, and May 28th, 1898, 420.5 ft. breakwater had 
been completed. The first crib the season was sunk May 25th, 
1898, and others followed rapidly. The first standard crib, well 
the last crib reduced section, the two being coupled together, 
were placed July 26th, 1898. The last crib was sunk December 
3d, 1898, making total thirty-six cribs during the season. 

All the cribs rest upon foundation rubble, which, for the 
standard cribs, about ft. deep. The lower part this foundation 
was built dumping stone from dump scows, after which was 
brought the proper elevation casting stone overboard from 
deck scows and canal-boats. The latter were usually moored along 
the inner outer edge the foundation, and then moved across 
gradually the work progressed. 

attain the proper elevation the workman with 
sounding pole walked continually along the edge the vessel, con- 
stantly testing the depth, due allowance being made for the variation 
from mean lake level, thus securing comparatively level foundation. 

sinking crib, the inner end was held close contact with the 
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one previously sunk, the outer end being held position cables 
leading large stone-anchor buoys and drawn taut capstans 
placed temporarily the cribs. The sinking was done loading 
stone temporary deck the crib, until had sunk ins. 
above mean water level, indicated the water gauge. Stone was 
then thrown into the crib along the sides, order prevent further 
sinking. 

should mentioned that the bottom the crib kept about 
ft. above the top the foundation, the latter being built admit 
this. The tendency the stones cast along the sides find their 
way under the side walls, forming uniform support. course, this 
mainly dependent the size the stone, small stone being prefer- 
able. The filling the cribs proceeded simultaneously from both 
sides, vessels with stone being moored close along each side the 
crib. The stones were cast hand, The alignment the cribs 
was regulated transit the completed work. the case the 
Stony Point breakwater, the lake face was used for the axis, 

The construction the superstructure was similar that the 
cribs, far sizes timbers and arrangement cross- and longi- 
tudinal-ties are concerned. The standard plan consists three decks, 
designated, respectively, the banquette, middle and parapet decks. 
The first ft. high, the second ft. high, and the third ft. high, 
and each ft. wide, the total height above water the lake side 
being ft. 

The cross-ties are spaced 10-ft. centers, except those immediately 
supporting the different decks, where they are spaced 5-ft. centers. 
The cross-ties the lower part the superstructure, below the 
banquette level, were made up, alternately, whole timbers and 
three overlapping pieces timber. The cross-ties the middle deck 
were uniformly ft., and those the parapet deck ft., long. The 
longitudinal ties were from ft. long. 

The deck planks were laid lengthwise with the structure, with 
12-in. walings along all edges. The specifications required these 
planks ins. wide, but, owing the difficulty getting such 
large number this width, the contractors were allowed use plank 
ins. wide the parapet deck, ins. wide the middle deck, and 
ins. wide the banquette deck. 

Iron mooring posts and cleats are set alternately along the ban- 
quette deck. 
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December, 1898, the close the season, there had been com- 
pleted 345.4 ft. breakwater the Stony Point Section, and, 
extension thereof, 240 ft. cribs had been sunk place the rub- 
ble foundation, and were left exposed the winter’s storms. with 
practically protection. 

The third season’s operations were begun May 8th, 1899. The 
finished portion the section, exposed the winter’s storms, was 
found bein perfect condition. The 240 ft. cribs extension 
thereof were also found good condition, having been only damaged 
slightly the outer lake corner, where the crib wall had been torn 
out, for and the stone filling washed out. This dam- 
age was thoroughly repaired and the cribs refilled with stone. the 
completion these repairs the work setting the four cribs remain- 
ing complete the required length, and the building the super- 
structure was commenced. 

the close the fiscal year, June 30th, 1899, this superstructure 
was finished, completing the entire Stony Point Section. The length 
the section 802.9 ft., measured along the axis. the 
outer end, provided the supplemental contract September 
26th, 1898, projects shoreward ft. beyond the general harbor line, 
making the total length the structure 826.9 ft. 


TABLE No. 19.—Cost 


Timber crib, 300.0 linear feet 
826.9 
Repairs, contract Charles Dennis 819.46 


$202 054.57 
Deduct 454.2 tons filling stone (Canada) cents... 022.71 


$200 031.86 


This deduction was made allowing the contractors the privilege 
using Canada stone, lieu United States stone per original contract. 
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BREAKWATER 


1 1-5 56 560 108 797 2848/| 15579) 1 565 |.s....]cccee 66 1391 
2 6 24 800 60 896 2 696 8 518 392 787 
3 7-12 185 184 271 613 14 487 | 45984! 2 591 | ae 8 633 5 162 , 
4 13-21 559 548 514 626 35197 | 117116; 5 099 3 4 5 027 | 13000 
5 22-46 2 064 600 1583 149 | 10) 620 | 380446 | 16 761 6 6 9850 | 50911 
Totals, 46 2 890 692 2534 081 | 156 848 | 567 643 | 26 623 14 10 18 968 | 71 250 


203 tons rubble were also used for stone wall the shore end. 


This breakwater withstood successfully the severe gales Decem- 
ber 5th and 12th, 1899, and also that September 12th, 1900. The 
very severe gale November 21st, 1900, however, caused some damage 
the parapet deck, especially the outer end. This damage con- 
sisted mainly the breaking the upper ties, which formed the 
direct support the 3-in. longitudinal deck, and, consequently, the 
partial wrecking this deck. The cause the breaking these ties 
was probably the excessive spans between the supports, namely, ft. 

making the necessary repairs, some material changes were made 
the parapet. These consisted the removal the 3-in. longi- 
tudinal deck and the substitution 6-in. deck laid transversely and 
supported two rows longitudinal stringers. Considerable block- 
ing was also inserted between the ties, adding greatly their bearing 
power. 


Dredging.—The original plans for the extension Stony Point 
provided for the construction 700-ft. section breakwater, be- 
ginning point even with the south end the old breakwater, but 
250 ft. lakeward therefrom, and extending thence south straight 
line; the northern 000 ft. the rubble-mound type and the 
remaining ft. the timber-crib type upon artificial 
foundation extending down solid rock. 

The northern end this main breakwater section now known 
the Stone Breakwater and the southern end the South Harbor Sec- 
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tion. Before construction was commenced the latter, slight 

change was made the South Harbor opening entrance, and this, 
coupled with some minor changes, increased its length 989 ft., 
the same the stone breakwater, making the combined length 
989 ft. 

While work was progress the South Harbor Section, the Chief 
Engineers, August 21st, 1899, approved the recommendation 
Major Symons reduce its length, and increase the length the 
stone breakwater accordingly. This added ft. the rubble- 
mound section, and reduced the length the South Harbor Section 
correspondingly, making 739 ft. long. 

stated elsewhere, the excavation the Stony Point trench was 
completed October 7th, 1898, which date the clam-shell dredge 
Fin MacCool commenced work the South Harbor Section. 

The ranges for keeping the dredge the alignment had been 
erected short time before, and consisted pile clusters, with cables 
stretched between and range boards hung from them. The cables 
were placed only ft. above the water surface, was not necessary 
run tugs between them. The ranges are shown Fig. 24. There 
was more less trouble the maintenance these ranges, caused 
storms and heavy seas washing out the pile clusters, and they were 
replaced single piles, and these also failed. After they became 
completely broken down that they could not maintained, only 
single cut, ft. wide, was made along the center line. 

great deal time was lost, owing the heavy seas, and work 
was finally abandoned for the season November 24th, 1898, the 
weather becoming very cold and stormy. 

this time, 118 cu. yds. material had been dredged, the 
depth the excavation averaging ft. below mean lake level. 
part the trench, however, was completed this time. 

The principal delay was caused the frequent storms. 
October 22d, 1898, gale arose suddenly that twenty minutes 
there was raging sea, the waves running even with the deck. The 
work letting the anchors was commenced immediately, but took 
much time, and the stern cable had cut. The attending tug not 

being able handle the dredge, drifted rapidly toward shore, and its 
beaching was only prevented dropping the bow spud tothe bottom 
when the breakers about 1000 ft. from shore. this moment 
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assistance came from the largest harbor Buffalo, and the dredge 
was towed shelter. Fortunately, little damage had been done, 

Work for the season 1899 was resumed the trench May 5th. 
The ranges suspended from wire cables were abandoned, and piles 
were driven instead, back ranges being erected the Stony Point 

The method dredging was follows: lake-side cut, about 
100 ft. long and ft. wide, was first made, then the dredge was 
shifted the middle and worked forward the same distance, then 
shifted the harbor side and worked backward, the lake side, 
thus making three parallel cuts. Several hundred feet trench 
having thus been excavated, the dredge was moved the point be- 
ginning and the bottom the cut thoroughly cleaned up. 

After the first crib the South Harbor Section had been placed 
position was used for the emplacement the back ranges. The 
longitudinal location the dredge was determined measurement 
from fixed piles, the Stony Point Section, and also from fixed 
spar buoys, set one side right angles. 

Three steel were used transport the excavated material, 
and one wooden scow was used for few days. 

The general dimensions the tug used towing the 
dredged material the dumping grounds, off the mouth Smoke’s 
Creek, are: Length, ft.; beam, ft.; draft, ft.; gross tons, 29; 
net tons, 14; iron hull; wheel, ins.; engines, 15-in. cylinders; 
boiler, ft. long and ins. diameter; speed, miles per hour, light. 
The tug Spalpeen was general tender for the dredge, and also placed 

the gravel scows ready for dumping. 

Stony Point, the dredge lay anchor, working position, 
throughout the week, and Sundays was towed shelter, behind 
the completed Stony Point breakwater. After September 18th, 1899, 
the dredge was towed shelter behind the partially completed South 
Harbor break water every night. 

Coal was brought from Buffalo small deck scow, provided with 
derrick and hoisting engine, and was transferred the dredge the 
evening men who had been dumping gravel scows during the day. 


The daily routine the dredge was follows: Men rise 
4.30 M.; dredge begins work 5.00; breakfast, 6.00 6.30; dinner 
12.00 12.30; supper, after finishing work, 7.00 
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Delays and Accidents.—The principal cause delay was the sea and 
wind (about three-eighths the total delays). Considerable, delay 
was due the clam. The sprocket chain connecting the traveling 
shaft and main shaft the clam was shortened too much during the 
winter repairing the clam, that, when was dropped 
the rock bottom, the shock was taken the chain and connec- 
tions, instead being transmitted the top the frame the 
corner rods. This resulted breaking the sprocket chain, and also 
the connection the traveling sbaft, severaltimes. This was repaired 
temporarily wrapping cables around the shaft, until new castings 
could obtained. The traveling shaft broke several times and the 
main shaft once, but the latter was due the bearings having become 
worn. The port, outer corner rod was badly bent several times and 
broke once twice, due striking ascow. Toward the end the 
season the clam had become badly worn, and was such poor con- 
dition, that several days were spent repairing it. the end the 
work was almost wreck, and one more days’ work, cleaning off 
the rock bottom, would have made necessary its thorough repair. 

One the main cables, the starboard side, was use for 
nearly year, and was finally taken off because general breaking 
and pulling apart, The work during 1899 was harder the clam, 
apparently because getting closer and striking the smooth rock 
bottom, which made necessary repair continually. The dump 
scows were kept much better condition than during previous 
seasons. 

Material.—Most the material dredged was moderately stiff red 
clay, mixed with some blue clay, which, some places, seemed some- 
what harder dig than others. Overlying this clay was layer 
sand, perhaps Underlying the clay, next the 
rock, was layer hard blue clay, mixed with broken stone, gravel, 
and, places, there were good many large boulders. The thickness 
the layer next the rock varied greatly. some places was 
great that nearly was dredged from small area, but for 
good portion the trench was very thin, that the rock was 
dredged off quite clean, 

Dumping Grounds.—The dredged material was dumped front 
the lake face the Stony Point breakwater, May 10th, 1899, 
after which only the last scow each day was dumped there, and 
occasional scow during the day, case necessity. was dumped 
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about scow’s width from the was distributed along the 
whole length, with the greater portion near the shore possible. 
From May 11th 18th the material was dumped opposite Smoke’s 
Creek, and from May 19th 26th opposite Rush Creek, 550 ft. 
from shore. This locality was hard reach, and May 26th the 
buoy was moved place opposite point shore 500 ft. south 
Smoke’s Creek and 200 ft. from shore, about 500 ft. from the 
Stony Point triangulation station, the material being dumped the 
shore side the buoy. The distance this buoy from the dredge 
May 26th was 000 ft., and the time for the round trip was hour 
and minutes. October 16th the distance was ft., and the 
average time for the round trip hour and minutes. 

The trench was completed October 16th, 1899. 

Cost Dredging.—The total quantity dredged 1898 and 1899 was 
357 461 cu. yds., and the cost, cents per cubic yard, was 
$64 342.98. 

During October and November 1898 and the season 1899 the 
delays the dredge Fin MacCool, the South Harbor Section, and 
their causes were follows: 


Miscellaneous breakdowns.......... 
Mooring and placing dredge........ 114 
155 
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assistance came from the largest harbor tugin Buffalo, and the dredge 
Was towed shelter. Fortunately, little damage had been done, 

Work for the season was resumed May 5th. 
The ranges suspended from wire cables were abandoned, and piles 
were instead, back ranges being erected the Stony Point 
break water. 

The method dredging was follows: lake-side cut, about 
100 ft. long and ft. wide, was first made, then the dredge was 
shifted the middle and worked forward the same distance, then 
shifted the harbor side and worked backward, the lake side, 
thus making three parallel cuts. Several hundred feet trench 
having thus been excavated, the dredge was moved the point be- 
ginning and the bottom the cut thoroughly cleaned up. 

After the first crib the South Harbor Section had been placed 
position was used for the emplacement the back ranges. The 
longitudinal location the dredge was determined measurement 
from fixed piles, the Stony Point Section, and also from fixed 
spar buoys, set one side right angles. 

Three steel were used transport the excavated material, 
and one wooden scow was used for few days. 

The general dimensions the tug used towing the 
dredged material the dumping grounds, off the mouth Smoke’s 
Creek, are: Length, ft.; beam, ft.; draft, ft.; gross tons, 29; 
net tons, 14; iron hull; wheel, ins.; engines, 15-in. cylinders; 
boiler, ft. long and ins. diameter; speed, miles per hour, light. 
The tug Spalpeen was general tender for the dredge, and also placed 
the gravel scows ready for dumping. 

Stony Point, the dredge lay anchor, working position, 
throughout the week, and Sundays was towed shelter, behind 
the completed Stony Point breakwater. After September 18th, 1899, 
the dredge was towed shelter behind the partially completed South 
Harbor break water every night. 

Coal was brought from Buffalo small deck scow, provided with 
derrick and hoisting engine, and was transferred the dredge the 
evening men who had been dumping gravel scows during the day. 

The daily routine the dredge was follows: Men rise 
4.30 M.; dredge begins work 5.00; breakfast, 6.00 6.30; dinner 
12.00 12.30; supper, after finishing work, 7.00 
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Delays and principal cause delay was the sea and 
wind (about three-eighths the total delays). Considerable, delay 
was due the clam. The sprocket chain connecting the traveling 
shaft and main shaft the clam was shortened too much during the 
winter repairing the clam, that, when was dropped 
the rock bottom, the shock was taken the chain and connec- 
tions, instead being transmitted the top the frame the 
corner rods. resulted breaking the sprocket chain, and also 
the connection the traveling sbaft, severaltimes. This was repaired 
temporarily wrapping cables around the shaft, until new castings 
could obtained. The traveling shaft broke several times and the 
main shaft once, but the latter was due the bearings having become 
worn. The port, outer corner rod was badly bent several times and 
broke once twice, due striking Toward the end the 
season the clam had become badly worn, and was such poor con- 
dition, that several days were spent repairing it. the end the 
work was almost wreck, and one more days’ work, cleaning off 
the rock bottom, would have made necessary its thorough repair. 

One the main cables, the starboard side, was use for 
nearly year, and was finally taken off because general breaking 
and pulling apart, The work during 1899 was harder the clam, 
apparently because getting closer and striking the smooth rock 
bottom, which made necessary repair continually. The dump 
scows were kept much better condition than during previous 
seasons. 

Material.—Most the material dredged was moderately stiff red 
clay, mixed with some blue clay, which, some places, seemed some- 
what harder dig than others, Overlying this clay was layer 
sand, perhaps ft, thick. Underlying the clay, next the 
rock, was layer hard blue clay, mixed with broken stone, gravel, 
and, places, there were good many large boulders. The thickness 
the layer next the rock varied greatly. some places was 
great that nearly scowload was dredged from area, but for 
good portion the trench was very thin, that the rock was 
dredged off quite 

Dumping Grounds.—The dredged material was dumped front 
the lake face the Stony Point breakwater, upjto May 10th, 1899, 
after which only the last scow each day was dumped there, and 
occasional scow during the day, case necessity. was dumped 
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about scow’s width from the wall:and was distributed along the 
whole length, with the greater portion near the shore 
From May 18th the material was dumped opposite Smoke’s 
Creek, and from May 19th 26th opposite Rush Creek, ft. 
from shore. This locality was hard reach, and May 26th the 
buoy was moved place opposite point shore 500 ft. south 
Smoke’s Creek and 200 ft. from shore, about ft. from the 
Stony Point triangulation station, the material being dumped the 
shore side the buoy. The distance this buoy from the dredge 
May 26th was 000 ft., and the time for the round trip was hour 
and minutes. October 16th the distance was 200 ft., and the 
average time for the round trip hour and minutes. 

The trench was completed October 16th, 1899. 

Cost Dredging.— The total quantity dredged 1898 and 1899 was 
357 461 cu. yds., and the cost, cents per cubic yard, was 
$64 

During October and November 1898 and the season 1899 the 


delays the dredge MacCool, the South Harbor Section, and 
their causes were follows: 


Anchors and attachments........... 
Mooring and placing dredge........ 114 


TABLE No. Fin MacCool, THE SoutH SECTION, 1898 1899. 


Year and Time ber day, 
hours. 
| 
1899. 


Num- 
ber 
scows 
loaded. 


Average Average | 
yards. yards. 
816.4 | 1,11 25 945 
286 | 1.03 | 15 173 
385.2 1.2 64 022 
358.7 1.2 | @7 848 

1.18 
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316 


Cubic Average Average 


yards 


cubie 


hours 
worked, 


worked. per day. 


282.1 


Maxi- 
Average 
daily number | pane 
per day. yards. 
4.9 985 062 
2.7 | 2 825.8 | 4 62 
2.8 | 2 462, |} 4 318 
1.6 | 2883.2 | 5 037 
0.5 249.6 510 


Maxi- 
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hour’s 
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The quantity material excavated during the season 1899 was 
316 343 cu. yds., which, cents per cubic yard, cost $56 941.74. 

Some figures, the cost this work the contractor, may 
prove interest. far known, the wages paid the contractor 


during the season 1899 were follows: 


For working overtime the men received cents per hour, the 
runner cents per hour. The supplies for board cost $12 per 
month, per man. 

From careful record the coal consumed, the quantity per 
100 cu. yds. material excavated was found 0.31 ton, but 0.35 
ton assumed for computations. Bituminous coal was used, and 
cost $1.50 per ton. the siphoning-out Faugh-a-Ballagh 


was: 


Half the superintendent’s wages ($125.00 per 
month) was charged the dredge, the other half 


Ranges and piles piles $6.00.. $72.00 

for the season. Driving 144.00 
Back-ranges, piles, etc.......... 20.00 
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The assumed value the plant follows: 


Steel dump scow, Protective 000.00 


Annual depreciation, and interest, 6%; total, 16%, and, for 
one year, $14 720. 


263.74 
Depreciation and 720.00 
Cubic yards excavated....... 316343 
Cost per cubic 
$14 720.00 
Interest and depreciation.... 


Trench Filling.—The filling the trench with gravel was begun 
May 18th, 1899, which date five scowloads, containing 072 


cu. yds. gravel, were deposited. Most the gravel was dredged 
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from the bed the Niagara River, loaded dump scows and then 
towed the rapid current the river, the tugboat 
Dunbar, built especially for this work. This tug towed the loaded 
scows the head the river, from which point they were towed 
the work smaller tug, dumped and taken back, the larger tug 
towing the empty scows down the river. The average day’s work was 
five each with average load 465 yds. 

The supply gravel from this source being insufficient for the 
proper progress the work, the contractors were allowed obtain 
gravel from the bed Lake Erie, just off the shore the vicinity 
the sand-catch pier, and began digging there July 3d, 1899. Work 
was suspended July 10th, 1899, after taking out fifteen scowloads, 
cu. yds. The gravel obtained here was rather fine, occasion- 
ally with some silt, and was not good that from the Niagara 
River. For this reason, was deposited the deepest part the 
trench. 

The length the South Harbor Section having been curtailed, 
before stated, the contractors were anxious complete before 
the close the season, and they were again allowed dig sand near 
the sand-catch pier. Accordingly, ladder (or elevator) dredge began 
work September 1899, and continued through September and 
October, 1899. Owing the accumulation silt places, there was 
much trouble obtaining proper material. before, was placed 
low down the trench possible. 

The cost 321 695 cu. yds. filling, cents, was $41 820.35. 

Rubble Foundation.—The foundation for the timber cribs was built 
the same manner that for the Stony Point Section, except that 
more stone was deposited dump scows, difference the condi- 
tions allowing this done. The lake face this breakwater was 
also rip-rapped greater height above the lake bottom, which 
accounts for the larger stone, compared with the Stony 
Point Section. 

The cost, December 15th, 1902, was follows: 


Rubble from United States.... 678.5 tons, $0.80 $20 542.80 


126 166.1 $95 594.01 
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Cribwork.—The timber-crib breakwater, which part 
the project the extension Stony Point, adjoins the stone break- 
water the south, being prolongation the latter, with the excep- 
tion that, owing the different cross-sections the two structures, 
the axes are not coincident, although parallel. 

The breakwater 739 ft. long, measured along the lake 
consists sixteen cribs, one which ft. long, ft. wide and 
ft. deep, and placed right angles the axis the breakwater, 
projecting ft. beyond the general harbor face the work, thus 
ing the South Harbor entrance. 

remaining fifteen cribs are each 180 ft. long, wide and 
ft. deep, differing this respect from the Stony Point breakwater, 
where the cribs are each ft. long, with the exception one shallow 
120 ft. long. 

The 180-ft. cribs are composed three grillage bottoms, each 
ft. long, ft. wide and ft. high. These bottoms are bolted to- 
gether each the two joints, seven 1}-in. 
264 ins. long, making composite grillage bottom 180 ft. length. 
The remaining eighteen courses are then laid the usual manner, 
great care being taken break joints properly. The arrangement 
the cross- and Jongitudinal- ties, and vertical posts, was identical 
with that the 60-ft. cribs. There was difficulty sinking these 
long cribs; fact, they were placed and sunk more readily than the 
shorter ones, and almost absolute alignment was obtained. de- 
cided advantage over the shorter cribs the obliteration two 
joints, which quite consideration. 

Subsequent experience, however, demonstrated that these cribs 
should have been built with least two solid transverse bulkheads, 
or, better still, with five, one for every Such bulkheads would 
have resisted the tendency the long cribs the top, due 
the buffeting heavy storms. 

The first these 180-ft. cribs, designated Nos. 48-49-50, was 
begun early November, 1898. the close the season, December 
1898, this crib had been built nine courses high. 

Work was resumed May 4th, 1899, and the crib was sunk 
position August 1899, forming the first 180-ft. crib the 
substructure the South Harbor Section. Crib No. 47, known 
the L-crib, was sunk July 20th, 1899. 
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The 180-ft. cribs contain the following 


274 632 


The weight the screw-bolts includes one nut and two washers 
with each bolt. The washers are ins. diameter and in. thick. 

The season 1899 was one great activity. Nine 180-ft. cribs 
were built and sunk and the superstructure completed over them. 
addition, five 180-ft. cribs wére built nineteen courses high, which 
included all the hemlock another was built six courses high. 
the close the season 682.2 ft. timber-crib breakwater had 
been completed. 

Furm Framing Yard.—During the summer 1898 the con- 
tractors installed two machines lessen the labor framing, 
gaining machine and tie-head machine, both manufactured the 
Lake Shore Iron Works, Marquette, Mich., for the Holley Manu- 
facturing Company. were housed building called the mill. 

The mill was wooden building, near the middle the framing 
yard, just off the construction dock, ft. wide and ft. long. The 
boiler-house, ft., was one end the mill. The building 
also contained butt-off machine, operating 30-in. circular saw. 
The engine-room, 134 154 ft., was one corner the mill, and 
contained Westinghouse engine. Adjoining the engine-room was 
room, ft. long, containing Westinghouse air compressor. The 
air tank was outside the mill. 

Adjoining the air-compressor room there was 12-ft. tool- 
room. the central part the mill were rollways which the 
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timber was carried from the circular saw the gaining and tie-head 
machines. derrick, near the boiler-house, handled the timber 
runway, carrying the circular saw for squaring up. Outside the 
mill and just off the framing machines were two other rollways 
which the framed timber was handled. 

The manipulation the timber the yard and mill was fol- 
lows: The timber was dragged the mill horses. rule, 
there were two teams most the time. was delivered the west 
end the mill, squared off carpenter, and then hoisted 
small hand-derrick and placed runway which was 
the butt-off machine, where circular saw squared the ends. The 
number the stick, indicating its position the crib, was marked 
its end, and was then passed over the rollway the gaining ma- 
chine, which cut the gains. The timber was then passed out the 
mill the adjoining runway, where carpenter removed any 
ing imperfections, caused the varying thickness the timber. 
would have been great advantage had the timber first been run 
through planer sizing machine, practice some other 
works. 

The cross- and longitudinal- ties were manipulated the same 
manner the wall timbers, except that, instead going the gain- 
ing machine, they were run the tie-head machine. After passing 
through the latter the stick was ready put the crib. The tie- 
head machine two tie-heads one time, course two differ- 
ent sticks. After the timber was framed was loaded small cars, 
running track, and taken the dock, sorted and placed 
the work. the dock was handled derricks the crib being 
built. 

Obviously, the crib bottoms were constructed first. They were 
built launching ways the water’s edge just east the con- 
struction dock. was handled aderrick located between 
two platforms which was stored. 

building the grillage bottom great care was taken make 
perfectly square. This was usually done measuring the calculated 
diagonal with steel tape. After three courses had been placed and 
fastened together screw-bolts, the vertical posts were put and 
the bottom was ready for launching. 

After cribs had been launched they were together and 
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composite structure towed front the construction dock, 
the remaining courses were fastened place. 

For boring the bolt holes the contractors used 
boring machine, made the Standard Pneumatic Tool 
Company, Chicago, 

60-ft. crib bottom was launched about every four days; and 
180-ft. crib was built nineteen courses high about every two weeks. 

the cribs had been sunk and filled with 
stone, least fourteen days were allowed for them fully settle 
upon their foundation before the building their superstructure was 
commenced. 

This superstructure continuous over the cribs, this section 
covered three 180 ft. cribs, making sections each 540 ft. length, 
except the first section, which also covered the making 
576 ft. long. These are the theoretical lengths, the actual length 
section being somewhat more, owing the impossibility making 
actual contact the cribs. Consequently, there are five separate sec- 
tions, one +576 ft. and four +540 ft. each, making total 
length 739 feet. 

The superstructure was built follows: The cribs were first lev- 
eled the required grade above mean lake level, either building 
with timber when too low, adzing down when too high. The 
lake side was always kept about ins. higher than the harbor side, 
allow for settlement, the greater weight being that side. 

The side-wall timbers were then placed and drift-bolted. first 
course each set, known the receiving course, had all been 


squared and the gains cut the framing yard. The ties were then 


placed position and the so-called covering course put on, this 
course being framed the breakwater site. The other courses fol- 


lowed sequence until the top was reached, the proper bolts 


being driven the work progressed. The stone filling was generally 
put the timber werk advanced, although there were exceptions, 
the rubble was sometime slow arriving. The decking was the 
last work done. 

small deck scow, rigged with derrick and hoisting engine, 
handled the timber the work. 

The rubble was transferred from deck scows and canal-boats 
one the floating derricks used the adjacent rubble-mound 
section. 
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The building the superstructure was very expeditious. 


Section 
No. 577.1 ft. was completed October 31st; Section No. 
540.4 ft. long, November 30th; and Section No. 540.7 ft. long, 
December 19th, 1899. 


Several severe storms occurred during the early part Decem- 
ber, 1899. The gale December 12th, was especially severe, and 


caused considerable damage Sections Nos. The damage 


was confined the parapet upper deck, and seventy ties were 
broken. These were 12-in. ties, ft. long, over all, and ft. 
between supports, spaced ft. from center center. They failed 
the middle. The breaking these ties also caused the 
failure some the 3-in. decking, which was placed right angles 
the ties and was supported them. Undoubtedly, the damage was 
caused the impact the falling water the high seas, which rose 
great height upon striking the vertical face the lake side the 
breakwater. Section No. was course construction the time 
the gale, and, order strengthen the unfinished portion the 
parapet, 12-in. timber was placed longitudinally with the axis 
the center the parapet and resting upon the last but one series 
ties, thus affording additional support for the upper ties and deck. 

The completed timber-crib breakwater withstood the winter 
1899-1900 admirably, except that there was some little movement 
Nos. 57-58-59, due the enormous ice pressure. 

Work for the season 1900 was commenced May 17th. Aslight 
change was made the parapet the remaining part the timber 
work, which consisted spacing the top row ties ins. from 
center center, instead ft., called for the original plans. 
12-in. longitudinal timber was also placed under these ties 
additional support. These changes were made account the 
weakness developed the parapet laid during the season 1899. 

very severe gale occurred September 11th and 12th, 1900, fol- 
lowing closely upon the hurricane which wrecked the City Galves- 
ton, Tex., and did considerable damage the completed work. The 


parapet suffered most, although more less damage was also done 


the middle deck. The damage consisted the breaking the ties, 


the resulting deformation the decking, and the breaching the 
upper timber walls. 
Some damage was also done the work under construction 


Section No. which was repaired once the contractors. The 
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remaining part the unfinished work was strengthened the addi- 
tion longitudinal timbers, blocks and struts. Steps were taken 
once repair the damaged work, and large quantity timber was 
accumulated for this purpose. working plant and force was organ- 
ized, when, November 21st, 1900, while the repair work was being 
prosecuted, another gale occurred. This gale was unusual violence, 
the wind blowing from the west the rate miles hour. 
Considerable damage was done the superstructure the com- 
pleted work, and more especially Sections Nos. and the 
former, 360 ft., and the latter, 540 ft., were razed almost the 
water’s edge. Sections Nos. 3and were also badly damaged, the 
entire middle deck the latter being razed the banquette level. 
Where the ties had been spaced ft. ins. from center center, 
and extra longitudinal timbers inserted, the parapet withstood 
some extent the effect the gale. Section No. about 150 ft. 
the work was badly damaged, the remainder standing very well. The 
substructure cribs suffered damage. 
The cost the cribwork was follows: 
Cribwork, 763 lin. ft. $92.37 $255 218.31 
Mooring posts, 15, 540.00 
Extra work south end 725.96 
Additional timber and bolts, strengthening parapet 367.66 


$257 941.93 
Deduct for 636.2 tons Canadian filling stone, 


$255 310.12 


Table No. shows detail the various quantities material used 
the construction the South Harbor timber-crib breakwater 
December 15th, 1902. 

The following statement gives the cost (to the contractor) labor 
employed building the timber cribs and superstructure parts 
the Stony Point and South Harbor for the working season 
1899, being from May 1st December 19th, inclusive. 

The quantity hemlock placed cribs during the season was 
144 ft., M., being wholly used the South Harbor Section, 
All the hemlock used the cribs, and also the pine posts and 
occasional course pine, were framed and placed Tifft Farm. 
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TABLE No. 22. 


| Ss. Ss. Ss. | 
| | 


Fifteen cribs, each 180 ft. long, crib, ft. long, set cross-wise. 


The quantity pine used the cribs and worked Tifft Farm 
was 824 ft., M., making total, hemlock and pine, 304 968 

The cost labor this work for the season averaged per 

All the hemlock, and the major part the pine, was framed 
machinery, one machine cutting the gains the side- and end- wall 
timbers and another cutting the tie-heads fitting into these gains. 

The quantity timber worked the mill, and handled the 
yard, for the season was: 


The figures include some the longitudinals and short ties which 
required framing, also the covering courses the superstructure, 
which were squared the mill, but the gains were cut hand the 
work. basis all the timber handled during the season, viz., 
370 700 ft., M., the cost per ft., M., was cents. The 
handling included unloading the timber from cars, piling it, trans- 
porting the mill and from the mill the dock and scows. 

The cost per 000 M., for this handling was cents. The 
quantity timber framed and placed the work both breakwaters 
during the season was follows: 


Stony Point: 968 
Superstructure, 799 ft., B.M. 
South Harbor: 856 


Superstructure, 327 077 1635933 
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The average cost doing this work was $3.23 per 000 ft., 

The total quantity timber handled, framed and placed during 
the season was 370 700 ft., M., average cost $3.82 per 000 
ft., M., the handling and driving bolts being included. 

The average run timber per linear foot standard section 
526 ft., for the 772 ft., M., forthe superstructure, 

the rate stated, $3.82, the cost labor per linear foot com- 
pleted timber-crib breakwater was $8.78. This, course, does not 
include the stone filling. 

The weight bolts and spikes all kinds used per linear foot 
breakwater was 217.4 lbs. for the cribs and 91.2 for the super- 
structure, total 308.6 lbs. 

The rubble per linear foot required for the cribs was 27.2 
tons and for the superstructure 11.0 tons, total 38.2 tons. 

The wages paid the Tifft Farm framing yard were follows: 


cribs: 


yard: 


..... 60.00 per month. 

75.00 per month. 
Machine men—framing.............. 0.25 per hour. 


Concrete after the demolition the timber 
superstructure the South Harbor Section, several plans for new 
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CONCRETE SUPERSTRUCTURE 


THE 
SOUTH HARBOR BREAKWATER, 
1901-1902 
8.33 


Lake Side Harbor Side 


Se ale of Feet 


25. 
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superstructure were considered, and was finally decided rebuild 
with concrete shell and fill the interior with rubble. 

The necessary plans and specifications were once prepared, and 
25th, 1901, proposals for building 800 ft. 
structure were invited, opened February 25th, 1901. 
response, seven bids were received, all which were rejected. 

New bids for the work were asked March 21st, 1901, opened 
April 5th, 1901. this date four bids were received, and that the 
Buffalo Dredging Company, Buffalo, Y., being the lowest, the 
work was let this firm April 10th, 1901. 

The type structure adopted, Fig. 25, consists three main parts, 

1.—Semi-submerged large concrete blocks, serving foundation 
and resting upon the stone-filled timber cribs, with their bases ft. 
below mean lake level. The harbor- face blocks are provided 
their abutting faces with joggle channels, and, addition, these 
and all other blocks have sunken-panel recesses their top faces, 
deep. The blocks are made the open, and placed position 
afterward. 

2.—Concrete situ, comprising the banquette deck, parapet walls, 
and parapet deck, founded the concrete blocks. 

3.—The rubble filling. 

The superstructure consists isolated sections, each practically 
ft. long, which linear dimension was determined making five 
sections for each 180-ft. crib. 

Each section made of: Five lake-face blocks, trapezoidal 
section, 7.2x ft., each containing 9.45 cu. yds., and weighing, 
approximately, 18.9 tons; three harbor-face blocks, rectangular 
section, ft., containing 7.64 cu. yds., with estimated 
weight 15.28 tons; three interior-wall blocks, the same dimensions 
the harbor-side blocks, but without joggle channels the ends, 
making their volume 7.75 cu. yds. and their weight 15.5 tons. 

These blocks are laid three parallel rows, the space between the 
lake-side and interior-wall blocks ft. wide, that between the 
harbor-side and interior-wall blocks nominally ft., but, generally, 
slightly more. addition, there are two parapet cross-wall blocks, 
each ft., containing cu. yds., and weighing These 
blocks connect the lake-face and interior-wall blocks; they are spaced 
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36-ft. centers, and form the foundation for every two adjacent cross- 
walls. There are also banquette cross-wall blocks, ft., also 
spaced 36-ft. centers. 

The blocks rest partly the crib timbers, that is, the face walls, 
and the ties where they occur, but most their area the 
rubble filling. 

The joggle channels, the abutting faces the lake-face and 
harbor-face blocks, were filled with concrete after the blocks had been 
placed juxtaposition, thus tying them together and preventing any 
lateral movement. The enclosure formed the blocks was tilled with 
rubble. 

These blocks served for the banquette deck 
the harbor side, and for the parapet walls the lake side, all built 
concrete situ. 

After the parapet walls had been formed, the enclosed space was 
with rubble, the parapet deck resting partly the walls and 
partly this stone filling. 


The theoretical quantities contained each 36-ft. section are 
follows: 


Blocks. 
Lake-face blocks.......... yds. 48.40 cu. yds. 
place. 


All the blocks were made ona construction dock, erected especially 
for this purpose near the breakwater site. consisted ten parallel 
rows piles, closely driven, and capped 12-in. timbers, top 
which was laid 2-in. planed plank floor ft. wide and 277 ft. long. 

The mixer, hoisting engine and derrick were the central part 
the dock. Running the entire length the same were two 20-in. 
elevated railroad tracks. The moulds which the blocks were cast 


q 
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were four rows either side the tracks. There were, all, 
seventy-five moulds, thirty for the lake-face, thirty-four for the harbor- 
face and interior-wall, and eleven for the parapet cross-wall, blocks. 
The banquette cross-wall blocks were made place the break water. 
The moulds had removable sides and ends, adjusted taken 
apart readily, which was done soon the blocks had become 
sufficiently hard. 
4-ft. mixer the ordinary type was used. The broken 
stone was brought the work canal-boats, and for the transporta- 
tion the cement, sand and remodeled dump scow was 
used, the pockets which were utilized for storage purposes. 
The composition the concrete was follows: 


Unscreened broken limestone .................. 


The unit measurement was bag cement, which was considered 
contain 0.9 ft. 

The concrete was made batches containing four bags cement. 
The gravel and sand grit were measured containing 
the equivalent four bags cement, 3.6 cu. ft. The broken stone 
was measured steel buckets, holding 21.6 cu. ft., which the 
required quantity, viz., 14.4 cu. ft., was indicated mark. These 
steel buckets had been made for use with the 5-ft. cubical mixer 
which was made the concrete placed situ. that work the 
batches contained six bags cement, and, consequently, 21.6 cu. ft. 
broken stone. 

making the smaller quantity, would have been better had the 
bucket contained false bottom, would have caused less strain 
the inspector trying keep the stone down. 

The concrete was made wet, from 2.5 cu. ft. water, being 
used batch. was found that one batch concrete made about 
cu. ft. when rammed. 

The characteristics the various materials, obtained from tests, 
were follows: cu. ft. sand grit contained 0.47 cu. ft. fine 
gravel, the grains which ranged from and 0.59 eu. ft. 
sand, the respective weights being 47.2 and 59.3 
about 100 lbs. per cu. for the screened, 106.5 for the com- 
bined, materials. One cu. ft. gravel contained 0.80 cu. ft. gravel, 
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generally in. size, and 0.29 cu. ft. sand, the respective weights 
81.5 and 29.2 again indicating closely per cubic foot 
tor the 110.7 for the combined materials. The broken 
stone showed 0.63 cu. ft. coarse and 0.33 cu. ft. fine stone and 
0.11 cu. ft. dust, weighing respectively 53.8, 30.4 and 11.9 Ibs. for 
the screened, 95.2 Ibs. for the combined materials. This latter 
weight, however, not correct for the broken stone used the 
work, because, box containing only cu. ft., extremely diffi- 
cult shake down the stone can done larger receptacle. 
The actual weight the unscreened broken stone was 101 per cubic 
foot. these the sand and gravel were sifted through 
sieve containing meshes per square inch. sieve was first 
used for the broken stone, then the No. sieve. 

The concrete blocks were lifted large floating derrick, placed 
deck scows, and carried the breakwater. They were placed 
the work the same derrick. The plant for making the concrete 
situ was installed old dismantled schooner, 137.3 ft. long, 26. ft. 
beam, and 11.6 deep. 

5-ft. eubical mixer was used. There were two hoisting derricks, 
one for lifting the ingredients from the scows the mixer, the other 
put the the work: The composition the concrete situ 
was the same the concrete blocks, except that was mixed 
larger batches, the unit being six bags cement, which produced 
43.2 cu. ft. each batch. 

The concrete was made wet, about cu. water used 
each batch. About 28.5 cu. ft. rammed concrete was made from 
each batch. 

Three sets forms were used for moulding the concrete situ; 
one for the deck, one for the parapet walls, and one for the 
parapet. The sheeting was stuff, spiked heavy framework. 
They were constructed taken apart readily and used repeat- 
edly long they remained proper condition. 

The following résumé the work construetion: 

June 18th, 1991. Commenced making concrete blocks. 
July 10th, 1901. First blocks set. 

Juiy 26th, First mass concrete placed. 

1901. Work for the season suspended. 


April 14th, 1902. Work for the season 1902 resumed. 
May 18th, 1902. Work completed. 
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The cost the concrete superstructure was follows: 


Old superstructure removed, 800.48 ft., 605.76 
Manhole covers............ 250.00 


$108.49 per linear foot. 


BREAKWATER. 


245 242 cu. 
667 799.2 tons, 527 282.57 


Capping stone.......... 284 878.5 tons. 348 975.66 


$908 139.69 
250 lin. ft. $125.26 per linear foot.) 


Stony BREAKWATER. 


Foundation stone....... 170.8 tons, 15018.49 
Timber cribwork...... 826.9 lin. ft. 
425.12 
802.9 lin. ft. $98.97 per linear foot.) 
BREAKWATER. 
Foundation stone....... 126 166.1 tons, 594.01 
Timber cribwork....... 2763 lin. ft. 
067.46 


739 lin. ft. $166.87 per linear foot.) 


642 632.29 
Conerete superstructure 800.48 lin. 195 345.62 


Total cost date, exclusive superintendence, 
office and other 837 977.91 


819.46 for repairs, account storms. 


BREAKWATER PROTECT BUFFALO ENTRANCE BLACK ROCK HARBOR AND ERIE BASIN. 
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This work comprises breakwater, 203.4 ft. long, which covers 
and protects the entrance the Erie Basin and Black Rock Harbor, 
between the Erie Basin and the Bird Island Pier. 

The substructure timber cribwork, 101.9 ft. which ft. 
wide, the remaining 1101.5 ft. being ft. wide. The depths vary 
from ft. the south end ft. the north end. See Fig. 26. 

the axis the structure the depths rock ranged from ft. 
little more than ft., the stratum over the rock being gravel, 
sand, mud, and clay varying degrees consistency. the ma- 
terial overlying the rock did not furnish stable foundation for 
work, was all dredged out and the deeper parts filled with rubble 
elevation ft. below mean lake level. the shallower 
parts the cribs are fitted the rock, nearly possible, and the 
irregularities corrected with rubble deposited where needed 
the rock surface. foundation this kind was possible 
construct once permanent concrete superstructure, settle- 
ment being apprehended. 

The superstructure shell concrete from ft. thick, 
filled with stone, founded semi-submerged concrete blocks, resting 
the cribs, the tops which are sunk ft. below mean lake 
level. 

The structure similar that built the ice-breaker section 
the old breakwater and that the South Harbor Section. 

other works forming Buffalo Harbor, unfavorable weather 
conditions hindered progress, and two storms much damage was 
done the uncompleted work. During the first, which occurred 
September 11th and 12th, 1900, and usually called the Galveston 
storm, the velocity the wind was miles hour, and the water 
reached level 5.6 ft. above mean lake level. the lake- and 
harbor- face blocks not covered concrete were displaced, and one 
hundred and eighty-eight blocks were washed off the cribs. More 
than 600 cu. yds. stone filling were also washed out. The storm 
November 21st, 1900, also did more less damage. 

The work was done under the River and Harbor Bill March 3d, 
1899. 

The contractor was Donnelly, Buffalo, Y.; the work 
was started August, 1899, and completed June 4th, 1901. 
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Concrete blocks.......... 615.75 cu. 757.63 
Anchor bolts and 774 Ibs. 377.40 

Cost recovering and replacing concrete blocks and stone 
filling washed from the breakwater 000.00 
$222 827.69 
Engineering and office 450.41 


CANADIAN QUARRY. 

The quarry from which was obtained much the rubble, and all 
the capping stone, used the extension Stony Point, located 
Windmill Point, Ontario, Canada, the north shore Lake Erie, 
about miles west from Buffalo. 

The tract land upon which the quarry located contains about 
acres, bordering and lying south the Grand Trunk Railway, 


having frontage about mile the railway and depth, toward 


Lake Erie, about mile. The land does not extend the water 


front, and, order reach the latter, the contractors obtained the 
beginning right way, ft. wide, over the intervening property, 
which, later, they purchase. 


| 
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The land approximately level, and the stone was quarried from 
below the surface, the overlying earth being from ft. depth. 
The quarry was opened removing this earth length about 
900 ft. and width about ft. originally laid out, the direct- 
tion the stripping was approximately east and west, but, after about 
600 ft. the rock had been uncovered, pocket earth, from 
depth was encountered. the direction was changed some- 
what. The shorter section 300 ft. long, and the angle between the 
sections about degrees. 

After completing the stripping, tracks were laid along the south 
edge, and line derricks erected between the tracks end the strip- 
ing. The rock was then blasted out heavy charges dynamite, 
ranging power from per cent. The result these heavy 
charges was the breaking the rock into very small 
making much the material useless for breakwater work. Much 
it, however, was used the contractors for filling the cribs their 
loading dock, ballasting track and other purposes. 

Soon after commencing blasting, was found that the strata 
the eastern end the quarry were thicker than those the western 
end, the layers running from ft. thickness. Blasting opera- 
tions, therefore, were confined the western end, the excavated 
material being used for rubble, while that the eastern end was re- 
served for revetment and capping stone. 

For the transportation the stone,a 3-ft. narrow-gauge railway, 
with the necessary sidings and turnouts, was laid from the quarry 
the loading dock, about mile distant. 

The approach the dock about 835 ft. long, and the dock, 
originally built, consisted series isolated timber cribs con- 
nected stringers. The cribs are hemlock, and are ft. wide 
and ft. long, their depths varying with the depth the water, 
which, the outer end, about ft. The cribs are filled with stone 
and are wide enough for two tracks. The spans between the cribs are 
ft., and the track stringers, which there are two under each rail, 
are ft. long, ins. wide, and ins. deep. 

Since the cribs were sunk, about 400 ft. the approach has been 
filled with débris from the quarry. 


The loading dock proper, the outer end, about 365 ft. long, 
and consists cribs placed end end, with heavy rip-rap the 
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west seaward side. the extreme end there also 
serving protection. 

There are two engine-houses, separate cribs, and two loading 
derricks the edge the dock. 

Originally, both flat cars and dump cars were used for carrying the 
quarried material. The flat cars were intended for carrying capping 
stone, and also for skips and boxes, which were loaded the ground 
the quarry, then hoisted the flat cars derricks, then transported 
the loading dock and there unloaded the derrick. When the 
dump cars were used, the material was loaded into skips band, and 
these were then unloaded into the dump cars derricks, or, where 
the stones were large size, they were loaded directly the derricks. 

the beginning (the fall 1897), the plant the dock consisted 
stiff-leg derrick, operated hoisting engine, and two station- 
ary loading chutes. unloading rubble from dump was 
dumped into the chutes, from which was allowed run into the 
pockets the scows. There was much difficulty using these load- 
ing chutes, owing the fluctuations the level the lake, the 
scows often jamming under them and causing more less damage. 
The dump also, were not especially adapted for carrying rubble, 
and was soon evident that the loading and dumping the skips 
was unnecessary labor, when they might well carried once 
flat car and unloaded the dock derricks. The change was 
adopted, although put twenty-five cars out service. 

opening the quarry, depth ft. below the surface the 
ground was contemplated, but this depth was only reached few 
points, the end the working season 1897. Soon after the open- 
ing the working season 1898, the quarry reached ft. 
for length about 600 ft. double track was then laid along the 
south face the quarry height ft. above the bottom, the 
foundation the tracks being the débris from the quarry operations. 
The derricks, which stood formerly the top the quarry, were re- 
moved the bottom. inclined plane was also built and used for 
drawing the loaded cars out the quarry. 

The rock quarried stratified limestone, dark gray color, 
hard and brittle texture and weighs about 166 per cubic 
foot. analysis the rock Table No. The 
courses dip the east and get thicker they are worked the 
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north. The thickness the different courses varies 
the length the quarry. The stone taken out four ledges. 
the west end the first ledge about ft. thick, and the first 150 ft. 
shelly and only suitable for rubble, very few capping stone 
being quarried from fact, very few capping stone are obtained 
from any the courses the first 150 middle the north 
side, near the angle, the first ledge about ft. thick, and has 
shell top, which drops off 150 ft. east the angle. This 
shell used principally for rubble. the east end the first ledge 
ft. thick, with 30-in. shell top. The second ledge varies from 
ft. the west end ft. the east end. The third ledge more 
uniform, and about ft. thick. Under this what called the 
flint course. from ft. thick the west end, but the east 
end little was quarried, the grade the bottom the quarry 
rises for the incline located there. 

The strata the south side the quarry are very much lami- 
nated, and, consequently, stone from that portion was only used for 
rubble. This class material was quarried blasting holes charged 
with dynamite, producing generally large, irregular-shaped frag- 
ments, which, when required, were reduced size cap- 
ping,” which consists placing two three sticks dynamite ona 
stone, covering with mud and firing. 

When was decided make part the breakwater extension 
Stony Point mound, the question procuring the large re- 
vetment and capping stone was paramount. The original estimate 
called for 220 000 tons stone this class, blocks quite 
symmetrical shape. This quantity stone was equivalent 
about 000 blocks, and, place, would area approxi- 
300 ft. square and ft. deep. extremely doubtful 
quarry could furnish this quantity, within limited time and 
reasonable cost, could have been found the immediate vicinity 
Buffalo. The acquisition the Canadian quarry, however, solved 
this problem successfully, and can safely said that there are few 
quarries equal it, far concerns special adaptation furnishing 
the required stone. These advantages consist mainly three im- 
portant items, namely, excellent quality stone, the thickness 
depth the ledges, and their normal horizontal stratification. 

quarrying the large blocks stone, the so-called Knox system 
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quarrying was used. the invention Mr. John 
Knox (deceased), Allegheny, Pa., and the main patent (No. 291 606) 
was granted January 1884. This and other patents have ex- 
pired, and have been open free use since July Ist, 1902. The 
essential features the Knox system consist controlling and direct- 
ing the force produced the explosive, make break the 
rock prescribed line without injury the standing rock. This 
done blast hole peculiar shape, and special method 
tamping and charging it. 

The shaping the hole, the special tool make it, the methods 
charging and tamping, together with their combination, represent 
the special features the system. 

The practical methods quarrying this system varied some- 
what the different seasons. the beginning, the blocks were 
quarried irregular sizes, This was soon modified making one 
dimension always ft., this being the contract requirement for thé 
depth the giant was termed the specification. 
After the had attained depth ft., 
plane face had also been secured. line holes, ft. from this face, 
was then drilled, loaded and exploded, producing long block 
stone this width and varying depth, depending the thickness 
the ledge. These blocks were then cut into parallelopipedons 
blocks. Later, the line holes was drilled ft. from the 
face. 

The final practice, however, was follows: The overlying earth 
was stripped off the rock for width ft. more. The face 
the quarry was then worked four stages. work the first top 
ledge line holes ft. from the face was drilled. These holes 
averaged ft. from center center, and extended within ins. 
the bottom the ledge, this case about ft. deep. The number 
holes for one shot varied from fifty sixty-five, although many 
shots containing only from twenty-five thirty holes were made. 
Where possible, the holes were made start and end cross-seams, 
that the ledge could moved out without being broken up. 

Sargeant machine drills, operated steam, were used. start- 
ing hole 23-in. drill was used, making slightly tapering hole, 
ft. deep, the drill then requiring resharpening. The second 
drill was from in. smaller than the first, and drilled about the 
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same depth, when still smaller one was used, and on, until the 
full depth was attained, the diameter the last drill being generally 

When the holes had the required depth, reamer was used 
The face outline this tool the form hexagon. Referring 
Fig. 27, taken from the original patent specifi- 
cation, the sides, are parallel, and are equal 
length the sides square inscribed within 
the circle the cylindrical bore. This brings 
each the corners, contact with the surface 


the bore, and thus guides the tool and insures 


the passage the plane bisecting the grooves through the center 
axis the bore. 

practice, however, the central part the reamer was made ob- 
long instead square, the width being generally in. for all sizes 
used, and the long diameter being variable, depending the size 
the hole which was used. From Fig. very evident 
that the object the reamer cut two angular grooves lengthwise 
the drilled hole. These grooves are located the axis the line 
drill holes. 

first, there was more less difficulty guiding the reamers 
that the grooves would proper position, perpendicular. 
The square shank stem was gripped tongs nippers, but, 
driving, the tendency the shank was turn, thus making twisted 
groove. 

obviate this, castings, about ins. long, and fitting the 
top the hole, were made. these there was square hole, 
which the shank fitted. They also had two opposite projecting lips 
fit into the groove, the idea being hold the reamer firmly and 
keep from twisting. was found afterward that these lips were 
not needed, and they were discarded. The reamers were driven both 
hand and steam. charging the holes two methods were 
used, shown Fig. 28. one the powder was placed the bot- 
tom the drill hole, wad grass was then forced down within 
ft. the powder, and then the tamping was This left 
air space chamber above the explosive. the other method 
the wad grass was put first, keeping about ft. above the 
bottom the hole, then putting the powder, and then the tamping. 
this case the air space chamber was below the explosive. 


Papers. BUFFALO BREAKWATER. 1065 


The factor determin- 

ing which method 

Block 18 ft. wide 


charging use depends long 


Top Course 
say, whether the seam holes 
er 
separating the ledges 
or, quarry parlance, 
whether not the bed 
free. Clay tamping 
was generally used, and GENERAL METHOD CHARGING HOLES 
sand tamping seldom. QUARRY 
. Top Course Wire Wire 
The series holes was 


made the evening METHOD CHARGING USED OCCASIONALLY. 
October Ist, 1900, 


may interest. The ledge was about 250 ft. long and ft. wide, 
the west half was about ft. thick, and the east half ft. thick. 
The drill holes were the usual tapering diameter, in. wide the 
top, and extended within about the bottom the ledge. 
There were sixty-four charges, spaced about ins. apart, and 
150 powder was used. The powder was placed the bottom 


Second ledge 


Third ledge 


SECTION A-B. 


B 2 to 214 feet 
PLAN, 
a 
First ledge 
29. 
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each hole and then wad grass was put in, leaving air space 
about ft. above; the remainder each hole was tamped with 
clay. 

The position the ledge after the shot shown Fig. 29. The 
ledge was moved out bodily from ft. toward the quarry. Only 
few cracks were made across the ledge. The weight the stone 
moved was more than 500 tons. 

Openings are made the cracks, first drilling along the lines 
c-d, d-e, and taking out angle stones and rubble until opening 
ismade. After the ledge shot off cut into rectangular blocks, 
about ft. (or ft. for top angles), drilling along the 


lines, c-d, (see Fig. 30), 


ft. apart, five holes being drilled 


\ 
block split boring into the 


. | 
wedges light charges. 


SKETCH SHOWING GENERAL. METHOD 


lines, a-b, c-d, ete., about 30. 

much powder used can held the palms two hands. 
The top ledge requires more powder than any the others, isa 
softer limestone. 

October 24th, 1900, block stone 180 ft. long and ft. wide 
with ft., was blasted from the second ledge, 
the eastern end the north face the quarry. line holes was 
drilled ft. from the face the top ledge, and about ft. ins. apart. 
The holes varied diameter from ins., and they were from 
ft. deep. There were fifty-two holes the line, and three kegs, 
powder were used, the holes being fired simultaneously 


electricity. The holes were tamped with sand instead clay. Sand 


charging the holes along the 


gives very good results and saves great deal time loading, 
does not require muchtamping. The fifty-two holes were loaded 
with clay. case the charge fails explode, ismuch easier 
clean out holes which have been tamped with sand. clean 
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charge, hose attached small pipe and steam blown into the 
hole; water also allowed run in, and thus blow out the charge. 
The block described weighed about 400 tons, and was moved ft. 

The best capping stones came from the first three ledges the 
north side the quarry, and toward the eastern end. Very little 
capping stone was obtained from the bottom fourth ledge, was 
very flinty and hard work. For this reason was used mostly for 
rubble. All courses the north side the west end were much 
laminated, and therefore, were used principally for rubble. 

Referring Fig. 31, which cross-section the upper part 
the superstructure the stone breakwater, will observed that 


the extreme top composed three separate stones, which are 


Harbor side top angle 


b Lake side top angle 


oa 


Lake side 
side 


Mean Lake Level 


/ 
_*—>s7> Harbor side bottom angle 


termed, respectively, the harbor-side top angle, the lake-side top 


angle and the filler. These angle stones, well the harbor-side 
bottom angles, were all quarried the shape required blasting, 
suitable templates being used locate the drill holes. 

Numerous fissures cracks crossed the quarry face angle 
about 45° and, every instance, advantage was taken utilize the 
cracks one the faces the stone. other cases the stones were 
quarried especially out the whole. The depth the stone, 
closely approximated ft., while the dimension, varied from 
ft. 

About 200 stones each kind, 600 all, were quarried. 
More than 000 stones all kinds, for the revetment and capping, 
were used the work. 


=f yble } 
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previously mentioned, Sargeant steam drills are used the 
quarry. threesizes, large, medium and pony, designated 
C,and Generally, six large, twenty-one medium and seven pony 
drills are service. 

The large drills are capable drilling daily about ft., the 
medium drills, ft, and the pony drills, ft. The latter were used 
mostly the sides large blocks which required splitting, 
facing badly-shaped stones. 

Steam for the drills furnished five horizontal fire-tube boilers 
about H.-P., and carrying lbs. steam. The boilers are 
about ft. long and ft. diameter. The fire-box about 
heating surface 546 sq. ft. The boilers were made the Erie City 
Tron Works, Erie, Pa., and Farrar and Trefts, Buffalo, 
They are the level ground about 100 ft. from the face the 
quarry, the steam being the drills uncovered pipes, 
the quarry not worked during the winter. 

There are sixteen derricks for handling They are the 
ordinary mast and boom type, guyed six lines 1-in. galvanized- 
wire cable. The mast ft. high, with 45-ft. boom, both pine. 
The castings were made the American Hoist and Derrick Company, 
St. Paul, Minn. These derricks can handly safely 20-ton block. 
The boom was usually kept fixed position, and was raised and 
lowered hand. 

There are eight hoisting engines, and, with one exception, they 
are the usual skeleton type; that is, without boilers attached. 
There are seven double-drum engines with double cylinders, 
ins., and are rated H.-P. All were made Beatty and Sons, 
Welland, Ontario. There also one hoist, with boiler attachment, 
made the American Hoist and Derrick Company, St. Paul, 
Minn., having 10-in. cylinders. Each engine works two derricks, 
doing the hoisting only. 

Steam for the skeleton engines supplied two boilers similar 
those supplying the drills. hoisting engine with boiler, and 
12-in. cylinders used for drawing the loaded cars the inclined 
plane. From loaded cars constitute load. 

Water for the boilers taken from Lake Erie during warm 
weather, 6-in. Worthington pump the loading dock, 
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and having capacity galls. per minute. The water pumped 
elevated tank the quarry, through 2-in. pipe laid beside the 
railroad. 

freezing weather the water from the lake shut off and water 
taken from the quarry pit, where accumulates rapidly and 
300 galls. per minute; and 6-in., with capacity 
100 galls. per minute. Steam for these pumps furnished 
H.-P. boiler made Farrar and Trefts, Buffalo, 

The loading plant the dock consists two large derricks, each 
operated 18-H.-P. double hoisting engine with 10-in. cylin- 
ders, with boiler attached. The derricks are swung 10-ft. hori 
zontal bull wheel. 

The rolling stock eonsists two small locomotives and about one 
hundred fiat cars, also number dump 

The beds the flat cars are ft. long, ft. wide and are ft. 
ins. above the rail level. The side sills are 10-in., the end sills 
9-in., framed with their tops ins. above the side sills, 5-in. 
filler being placed top the latter even up. All the woodwork 
white oak. 

The wheels are cast iron, ft. diameter. The cars were made 
the Union Car Company, Depew, 

The skips boxes for carrying rubble are 2-in. white oak. 
They are ft. long top, ft. the bottom, ft. wide and ft. 
deep, and each carries from tons stone. 

Organization the superintendent has general super- 
vision the entire quarry. Immediately under him there walk- 
gboss whose main duty the loading the stone. Four foremen 
have charge capping stone and laying out work for 
the drillers, each having his own section the quarry. There also 
one foreman for each the sixteen derricks, who has from six eight 
men under him. The stripping gang consists foreman, ten labor- 
ers, and the necessary teams. gang three men charge 
foreman attend the track repairs. The blacksmith force consists 
ten smiths and nine helpers, the main work being the sharpening 
the drills. addition, there are machinists, carpenters and other 


artisans. The total force averages about two hundred and seventy 
men. 
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The wages paid the quarry were follows 
3100.00 per month. 


Locomotive engine drivers and black- 


Drillers (on steam 


Hoist enginemen, firemen, black- 
smith’s helpers, carpenters and 


0.25 


0.20 


0.17 
0.15 
0.10 


ee 


ee 


TABLE No. THE CANADIAN YEARS; 


AND Cost PER Ton QUARRIED. 


ing | ar 
tons. tons. tons. for labor. for labor. 
| 
27 501.5 383.4 27 884.9 
97 269.7 16 078.7 118 348.4 
111 557.4 42 425.1 153 982.5 
122 946.0 | 54 988.7 177 934.7 
167 795.1 581.7 245 326.8 
137 279.2 93 470.9 230 750.1 


During the season 1902 the following explosives were used: 


067.40 


The cost explosives was about cents per ton stone quarried, 


lb. dynamite being used for every tons stone quarried, and 


lb. powder for every tons stone. 


— 


1897 
1898 
1901 
1902 
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The coal consumption per day was follows: 


ONTARIO, USED BuFFALO BREAKWATER. 


CONCLUSION. 


Since the preparation this paper, the breakwater extension 


Stony Point has been completed, far the contract with Hughes 


Brothers and Bangs isconcerned. stone the rubble-mound 
stone breakwater was laid, with simple ceremony, September 
24th, 1903. 

The entire work done during the season 1903 was the recon- 
struction the sunken part, strict conformity with the 
tions, outlined another part this paper. 

Such capping stone were readily recovered means diver 
were taken out and reset. number recovered was about 800, 
about 000 tons. 

For the greater part the season there were three floating derricks 
the repair work, one generally resetting the recovered capping 
stone, and one setting the new capping stone. The other derrick was 


engaged part the time handling the rubble hearting, and the 


nh 
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remainder the time placing rip-rap front the adjoining 


South Harbor Section. 


634.3 tons rubble from Canada, 


capping 


1.25 


Force account, recovering and resetting capping 


Cost December 15th, 1902......... 


The cost the reconstruction was follows: 


$22 
172.75 


863.23 


908 139.76 


$965 


The total cost the work was 727 000.84, exclusive 


inspection and other expenses. 


The details the various sections are shown Table No. 27. 
matter interest note that the final cost less than the 


original estimate, which the bids were canvassed, which amount 


was 765 450.63. 


TABLE No. Cost Stony BuFFALO 
BREAKWATER CONSTRUCTION. 


Hughes Brothers and Bangs, Contractors. 


Contract dated January 


27th, 28th, 1897. 


Sund-Catch 


Tie-rods, screw bolts and 


492 


Capping stone, Canada, 216.7 
Force account work 


South Section 


lin. ft.. 


yds., 


cu. 
tons, 


0.02 


$0.13 


Trench excavation......... 357 461 cu. yds., $0.18 
Foundation stone.......... 157 
Mooring cleats, extra tim- 
Stony Point Section 
Mooring cleats, extra tim- 


422.00 


558.09 


| 
| 
| 
| 
| 


881.46 
162 702.60 
687.47 
368 148.43 


$64 342.98 

820.35 
117 654.49 
255 218.31 


$37 234.98 
139.79 
995.7 

197 065.15 


169.96 


632.44 


481 759.75 


q 


» 
Stone Breakwater 
| 
605.66 
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THE FATIGUE CEMENT PRODUCTS. 


Discussion.* 


(by letter).—The experiments determine Mr. Buckley. 
the cement products, which are being carried the test- 
ing laboratory Washington University, under the direction 
Professor Van Ornum, are extremely interesting and practical. 
Professor Van Ornum has started line investigation which has here- 
tofore been practically overlooked. hoped that may able 
procure data showing some uniformity the rate weakening 
cement products under repeated loading. thought, however, that 
aseries experiments showing the rate weakening under constant 
load below the ultimate strength would perhaps even greater 
commercial importance than the experiments now being conducted. 

1898, the writer recognized the same phenomenon fatigue 
stone, while making séries tests, the preparation report 
the Building and Ornamental Stones Wisconsin.” pages 367 
and 368 that report, will found the following observations: 

data are thus far available from which one can glean any 
knowledge the effect long continued pressure below the point 
rupture the strength Neither have data been ob- 


tained indicating the effect intermittent stresses (repeated loading) 
the rupturing rocks. making the compressive strength tests 


This discussion the paper Van Ornum, Am. Soc. E.. printed 
Proceedings for August, 1903), printed Proceedings order that the views ex- 
pressed may brought before all members the Society for further discussion. 


Communications this subject received prior December 25th, 1903, will pub- 
lished subsequently. 


Director, Missouri Bureau Geology and Mines. 


No. 
q 
» 
34 7 


Mr. Buckley. 


Mr. Bellinger. 
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the preparation this report, number samples were placed 
the 100 Riehlé testing machine, which could not crushed. 
samples were removed, and afterwards crushed 300 
with the results indicated the accompanying table. The 
apparent loss strength some the samples cannot entirely at- 
tributed the intermittent character the pressure. probably 
due, some extent, the fact that the samples were chipped the 
corners and edges when the first machine. These and other causes 
incident upon change machines may partially account for the 
losses, but, nevertheless, the results would seem indicate that 
actual decrease strength occasioned continued intermittent 


pressure below the ultimate strength. Further experiments along this 
line are needed.”’ 


The following the tabie referred the paragraph quoted: 


‘* TABLE SHOWING THE DIFFERENCE IN CRUSHING STRENGTH THROUGH 


INTERRUPTED 


CRUSHING STRENGTH. 


100 Machine. 300 Machine. 

Milwaukee Monument Co. 000 063 
Gillen Stone Co. (Limestone).............. 000 
Gillen Stone Co. (Limestone).............. 869 


Four these tests gave increased resistance the larger 
machine, while three them exhibit decrease several thousand 
pounds per square inch. 

connection with the preparation report the building 
stones Missouri, the writer contemplates verifying, possible, the 
conclusions reached his Wisconsin report relative the fatigue 
stone. 

believed that these experiments fruitful results 
which will have commercial, well scientific, value. 

its interesting diagram, will certain attract considerable atten- 
tion from designers concrete. the first attempt place 
scientific basis certain phenomena which have doubt been noticed 
all engineers performing laboratory tests and full-size tests the 
materials mentioned. 

The nomenclature the paper includes progressive failure and 
fracture” under the heading The latter 
seems good term for neat-cement tests which fail tensile 


PLATE 


NOVEMBER 1903. 
LOW BUFFALO BREAKWATER. 


HARBOR SECTION. CONCRETE SUPERSTRUCTURE. PARAPET WALLS PLACE. 1901 
& 
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time. The writer has mind sume tests neat Portland 
cement briquettes which were tested ina Riehlé machine having 
cnly briquettes were left with the stress 
000 Ibs. per square inch them until they broke. The length 
time varied considerably, from zero one minute, and one briquette 
that load for minutes before failure occurred. This type 
failure might called fatigue the strictest sense. 
the failure full-size floor slabs reinforced concrete con- 
struction. Seven these floor slabs were tested under the writer’s 
supervision, with the general results: Each test floor con- 
sisted three bays, ft. span and ft. width, the center bay only 
the test load pig iron, concentrated along its center line. 
The reinforcement the concrete was Clinton wire-cloth, expanded 
metal various general, was noted that the load which 
caused the first noticeable deflection, in., was just about one- 
half the load which caused the failure the concrete; that is, the 
the concrete the haunches the middle the span, 
exposing the metal. was noted that the workmen could keep piling 
the pig iron after the actual failure until the load was 20% more, 
the load fell through the floor, rupturing the steel. further 
important note was, that the load actual failure, noted above, 
left alone, caused the spalling off the bottom the slab con- 
tinue more less rapidly, indicating the destruction the floor 
time, through the materials. 

When comes compression tests, there another and older 
term than describing the action material under test 
quite fully, and that disintegration.” difficult get good 
uniform bearing for crushing brittle material. the plates the 
jaws the testing machine are hard, some high point the specimen 
split off before the remainder receives its share the 
load; the plates are soft, the material flows into the pores the test 
piece, and, acting like wedge, pushes off few grains time, 
destroys the cohesion between the grains, little time, until the 
specimen fails. Examples repetition small applications stress 
are: The use stone hammers split rock; the wearing away 
rocks rolling the beds streams, and the action river 
currents; the disintegration concrete sea-walls, between low water 
and water, wave and ice action, and. when the coarser par- 
ticles are the freezing water between these particles. 

The analogy between the cement compression 
and the disintegration concrete, stone, examples cited 
plain. each case question the number applications 
stress, machine, impact ice cakes, and the 
amount this stress each application. This: question the one 


below the ordinarily determined ultimate strength, after short Mr. 


pi 


Mr. Bellinger. 


Mr. Johnson, 


Mr. Dunham. 


the author has begun answer, and. from the looks his curve and 
the direction its lower end, will soon have the stages failure 
brittle materials, from direct crushing down drops water 
wearing away the hardest stone.” will long and tedious inves- 
tigation, and the experimenters should encouraged all. 


interested the preliminary results, obtained Professor Van 
Ornum, the fatigue cement. matter prime importance, 
and, the opinion, should investigated thoroughly and 
carefully. fact that concrete and steel-concrete structures 
will fail with infinite repetition, under one-half the load required for 
single application, matter that must taken care once 
the factor safety used designing. 

Considére has reported that tends yield somewhat 
under soliciting force.” the writer’s experience that also 
tends recover when the load removed, and, therefore, would 
suggest that, all such tremendous decrease 
strength, under continued would found, consider- 
able period rest were allowed between applications, which much 
nearer the condition practice. 

The writer also the opinion that, while, doubt, the curve 
asymptotic horizontal line representing some percentage 
other, should cross the vertical axis right angles; the curve, 
his judgment, necessarily having maximum point this line. 
This would make the curve the nature the Witch 
course. this matter detail that would brought out the 
full investigation this subject, which the writer trusts will 
continued, either Professor Van Ornum, others, number 
laboratories working conjunction, the matter, final 
conclusion. 

relation this, would like suggest that the subject 
steel-concrete construction broad that practically impossible 
for any university alone investigate the subject thoroughly, and 
believes that the only practical plan would for the professors civil 
engineering get together and subdivide this work among different in- 
stitutions having well-equipped laboratories, having the specimens 
course year two, conclusive information the greatest value 
might hoped for, line engineering construction rapidly 
assuming position importance equal that involving the use 
any other engineering material. 


greater interest those not familiar with the subject the 
author had outlined the method which repetitions were made. 
Anyone familiar with tests cement mortar concrete knows how 
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difficult subject test piece the same conditions two Mr. Dunham. 


more times succession. there could any way actually 
delineating the complex stresses produced the piece the first time, 
something more subtle than the theory probabilities might 
required convince one that those stresses would ever exactly 
reproduced repeated subsequent tests. The question naturally 
arises whether not some part the sample was not subjected 
greater stress when under the breaking load than was 
when 95% that load was applied. How much can actually 
known, then, regard the stresses set another sample? 
what assurance can there that the loads exacted 
even 90% the ultimate strength? Very little mortar cement 
good work ever required bear much its ultimate 
load, and would more frequently, though seldom, im- 
posed. What effect upon the material has repetition such stresses? 
Those who have used cement the construction tall stacks 
chimneys, where subjected very heavy pressures and where 
the load must vary with every prairie wind that blows, and have found 
the mortar apparently harder after twenty years than was after one 
year had passed, will appreciate the gradual inclination the curve 
its lower percentages. 

Fatigue under repeated applications 95% the greatest poss- 
ible load may not irreconcilable with increase strength 
under repeated applications the same load. not—in 
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timber-crib breakwater, which part 
the extension Stony Point, adjoins the stone break- 
water the south, being prolongation the latter, with the excep- 
tion that, owing the different cross-sections the two structures, 
the axes are not coincident, although parallel. 

The breakwater 739 ft. long, measured along the lake 
consists sixteen cribs, one which ft. long, ft. wide and 
ft. deep, and placed right angles the axis the breakwater, 
projecting ft. beyond the general harbor face the work, thus 
ing the South Harbor entrance. 

remaining fifteen cribs are each 180 ft. long, ft. wide and 
ft. deep, differing this respect from the Stony Point 
where the cribs are each ft. long, with the exception one shallow 
120 ft. long. 

The 180-ft. cribs are composed three grillage bottoms, each 
ft. long, ft. wide and ft. high. These bottoms are bolted to- 
gether firmly each the two joints, seven screw-bolts, 
264 ins. long, making composite grillage bottom 180 ft. length. 
The remaining eighteen courses are then laid the usual manner, 
great care being taken break joints properly. The arrangement 
the cross- and ties, and vertical posts, was identical 
with that the 60-ft. cribs. There was difficulty sinking these 
long cribs; fact, they were placed and sunk more readily than the 
shorter ones, and almost absolute alignment was obtained. de- 
cided advantage over the shorter cribs the obliteration two 
joints, which quite consideration. 

Subsequent experience, however, demonstrated that these cribs 
should have been built with least two solid transverse bulkheads, 
or, better still, with five, one for every Such bulkheads would 
have resisted the tendency the long cribs warp” the top, due 
the buffeting heavy storms. 

The first these 180-ft. cribs, designated Nos. 48-49-50, was 
begun early November, 1898. the close the season, December 
1898, this crib had been built nine courses high. 

Work was resumed May 4th, 1899, and the crib was sunk 
position August 14th, 1899, forming the first 180-ft. crib 
substructure the South Harbor Section. Crib No. 47, known 
the L-crib, was sunk July 20th, 1899. 
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The 180-ft. cribs contain the following quantities 


The weight the screw-bolts includes one nut and two washers 
with each bolt. The washers are ins. diameter and in. thick. 

The season 1899 was one great activity. Nine 180-ft. cribs 
were built and sunk and the superstructure completed over them. 
addition, five 180-ft. cribs wére built nineteen courses high, which 
included all the hemlock timber another was built six courses high. 
the close the season 682.2 ft. timber-crib breakwater had 
been completed. 

Furm Framing Yard.—During the summer 1898 the con- 
tractors installed two machines lessen the labor framing, 
gaining machine and tie-head machine, both manufactured the 
Lake Shore Iron Works, Marquette, Mich., for the Holley Manu- 
facturing Company. They were housed building called the mill. 

The mill was wooden building, near the middle the framing 
yard, just off the construction dock, ft. wide and ft. long. The 
boiler-house, 284 ft., was one end the mill. The building 
also contained butt-off machine, operating 30-in. circular saw. 
The engine-room, 134 ft., was one corner the mill, and 
contained Westinghouse engine. Adjoining the engine-room was 
room, ft. long, containing Westinghouse air compressor. The 
air tank was outside the mill. 

Adjoining the air-compressor room there was 12-ft. tool- 
room. the central part the mill were rollways which the 
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stress, below the ordinarily determined ultimate strength, after short Mr. Bellinger. 
time. The writer has mind 7-day tests neat Portland 
cement briquettes which were tested Riehlé machine having 
capacity cnly The briquettes were left with the stress 
000 Ibs. per square inch them until they broke. The length 
time varied considerably, from zero one minute, and one briquette 
that load for minutes before failure occurred. This type 
failure might called fatigue the strictest sense. might 
called the failure full-size floor slabs reinforced concrete con- 
struction. Seven these floor slabs were tested under the writer’s 
supervision, with the following general results: Each test floor con- 
sisted three bays, ft. span and ft. width, the center bay only 
carrying the test load pig iron, concentrated along its center line. 
The reinforcement the concrete was Clinton wire-cloth, expanded 
metal general, was noted that the load which 
caused the first noticeable deflection, in., was just about one- 
half the load which caused the failure the concrete; that is, the. 
cracking the concrete the haunches the middle the span, 
exposing the metal. was noted that the workmen could keep piling 
the pig iron after the actual failure until the load was 20% more, 
before the load fell through the rupturing the steel. further 
important note was, that the load actual failure, noted above, 
left alone, caused the spalling off the bottom the slab con- 
tinue more less rapidly, indicating the destruction the floor 
time, through the materials. 

When comes compression tests, there another and older 
term than describing the action material under test 
quite fully, and that difficult get good 
uniform bearing for crushing brittle material. the plates the 
jaws the testing machine are hard, some high point the specimen 
crushed split off before the remainder receives its share the 
load; the plates are soft, the material flows into the pores the test 
piece, and, acting like wedge, pushes off few grains time, 
destroys the cohesion between the grains, little time, until the 
specimen fails. Examples repetition small applications stress 
are: The use stone hammers split rock; the wearing away 
rocks rolling the beds streams, and the action river 
currents; the disintegration concrete sea-walls, between low water 
and high water, wave and ice action, and, when the coarser par- 
ticles are the freezing water between these particles. 

The analogy between the cement compression 
and the disintegration concrete, stone, etc., the examples cited 
plain. each case question the number applications 
stress, machine, impact ice cakes, and the 
amount this stress each application. This question the one 
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the author has begun answer, and. from the looks his curve and 
the direction its lower end, will soon have the stages failure 
brittle materials, from direct crushing down water 
wearing away the hardest stone.” will long and tedious inves- 
tigation, and the experimenters should encouraged all. 

interested the results, obtained Professor Van 
Ornum, the fatigue cement. matter prime importance, 
and, the opinion, should investigated thoroughly and 
carefully. fact that concrete and steel-concrete structures 
will fail with infinite repetition, under one-half the load required for 
single application, matter that must taken care once 
the factor safety used designing. 

Considére has reported that tends yield somewhat 
under soliciting force.” the writer’s experience that also 


tends recover when the load removed, and, therefore, would 


suggest that, all probability, such tremendous decrease 
strength, under continued application, would found, consider- 
able period rest were allowed between applications, which much 
nearer the condition practice. 

The writer also the opinion that, while, doubt, the curve 
asymptotic horizontal line representing some percentage 
other, should cross the vertical axis right angles; the curve, 
his judgment, necessarily having maximum point this line. 
This would make the curve the nature the Witch 
course. this matter detail that would brought out the 
full investigation this subject, which the writer trusts will 
continued, either Professor Van Ornum, others, number 
laboratories working conjunction, the matter, final 
conclusion. 

relation this, would like suggest that the subject 
steel-concrete construction broad that practically impossible 
for any university alone investigate the subject thoroughly, and 
believes that the only practical plan would for the professors civil 
engineering get together and subdivide this work among different in- 
stitutions having well-equipped laboratories, having the specimens 
course year two, conclusive information the greatest value 
might hoped for, line engineering construction rapidly 
assuming position importance equal that involving the use 
any other engineering material. 

greater interest those not familiar with the subject the 
author had outlined the method which repetitions were made. 
Anyone familiar with tests cement mortar concrete knows how 
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difficult subject test piece the same conditions two Mr. Dunham. 


more times succession. there could any way actually 
delineating the complex stresses produced the piece the first time, 
something more subtle than the theory probabilities might 
required convince one that those stresses would ever exactly 
reproduced repeated subsequent tests. The question naturally 
arises whether not some part the sample was not subjected 
greater stress when under the breaking load than was 
when that load was applied. How much can actually 
known, then, regard the stresses set another sample? 
what assurance can there that the loads exacted 
even 90% the ultimate strength? Very little mortar cement 
good work ever required bear much its ultimate 
load, and would more frequently, though seldom, im- 
posed. What effect upon the material has repetition such stresses? 
Those who have used cement the construction tall stacks 
chimneys, where subjected very heavy pressures and where 
the load must vary with every prairie wind that blows, and have found 
the mortar apparently harder after twenty years than was after one 
year had passed, will appreciate the gradual inclination the curve 
its lower percentages. 

Fatigue under repeated applications 95% the greatest poss- 
ible load may not irreconcilable with increase strength 


under repeated applications the same load. not—in 
the case man. 
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Mr. Bellinger. the author has begun answer, and. from the looks his curve and 
the direction its lower end, will soon have the stages failure 
brittle materials, from direct crushing down drops water 
wearing away the hardest stone.” will long and tedious inves- 
tigation, and the experimenters should encouraged all. 

interested the preliminary results, obtained Professor Van 
Ornum, the fatigue cement. matter prime importance, 
and, the opinion, should investigated thoroughly and 
fact that concrete and steel-concrete structures 
will fail with infinite repetition, under one-half the load required for 
single application, matter that must taken care once 
the factor safety used designing. 

Considére has reported that tends yield somewhat 
under soliciting force.” the writer’s experience that also 
tends recover when the load removed, and, therefore, would 
suggest that, all probability, such tremendous decrease 
strength, under continued would found, consider- 
able period rest were allowed between applications, which much 
nearer the condition practice. 

The writer also the opinion that, while, doubt, the curve 
asymptotic horizontal line representing some percentage 
other, should cross the vertical axis right angles; the curve, 
his judgment, necessarily having maximum point this line. 
This would make the curve the nature the Witch 
course. this matter detail that would brought out the 
investigation this subject, which the writer trusts will 
continued, either Professor Van Ornum, others, number 
conclusion. 

relation this, would like suggest that the subject 
steel-concrete construction broad that practically impossible 
for any university alone investigate the subject thoroughly, and 
believes that the only practical plan would for the professors civil 
engineering get together and subdivide this work among different in- 
stitutions having well-equipped laboratories, having the specimens 

course year two, conclusive information the greatest value 
might hoped for, line engineering construction rapidly 
assuming position importance equal that involving the use 
any other engineering material. 

greater interest those not familiar with the subject the 
author had outlined the method which repetitions were made. 

Anyone familiar with tests cement mortar concrete knows how 
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arises whether not some part the sample was not subjected 
greater stress when under the breaking load than was 
when that load was applied. How much can actually 
known, then, regard the stresses set another sample? 
what assurance can there that the loads exacted 
even 90% the ultimate strength? Very little mortar cement 
good work ever required bear much its ultimate 
load, and would more frequently, though seldom, im- 
posed. What effect upon the material has repetition such stresses? 
Those who have used cement the construction tall stacks 
chimneys, where subjected very heavy pressures and where 
the load must vary with every prairie wind that blows, and have found 
the mortar apparently harder after twenty years than was after one 
year had passed, will appreciate the gradual inclination the curve 
its lower percentages. 

Fatigue under repeated applications 95% the greatest poss- 
ible load may not irreconcilable with increase strength 
under repeated applications the same load. not—in 
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| 
2 
4 
; 
| 
; 
j 
1e 
8) q 
q 
ld 
he 
le. 
| 


Mr. Conte. 


Vol. XXIX. NOVEMBER, 1908. No. 


AMERICAN SOCIETY CIVIL 


INSTITUTED 


PAPERS AND DISCUSSIONS. 


This Society not responsible, body, for the facts and opinions advanced 
any its publications. 


SOUTH AFRICAN IRRIGATION. 


Discussion.* 


irrigation described the author are certainly very crude, for 
thriving British Colony, and lead one suppose that for this some 
climatic condition responsible. 

The first thing noticed the extraordinary variation the annual 
rainfall, namely, from ins. this respect, Cape Colony 
somewhat like certain sections California, and for sundry reasons 
may assumed that mammoth catchment reservoirs will become 
necessary, the natural course events, order tide over the 
lack water during dry years, which seem come This 
fact alone, more than any others, adds enormously the first cost 
the proper development irrigation system. 

unfortunate that few run-off records are existence, for 
they are the most reliable data upon which the engineer can depend. 
should exercise unusual conservatism selecting the minimum 
rainfall, and assuming the percentage catch, 
wants get reliable supply. 

Table No. contains the results more than thirty years’ actual 
experience California, with storage reservoirs, and will helpful 
guiding the judgment. 

From this table will readily seen that enormous storage room 
absolutely necessary order insure reliable supply 000 
galls. per day. 


Continued from October, 1903, Proceedings. See August, 1903, Proceedings, for 
paper this subject Francis Robert Johnson, Am. 
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TABLE No. 10. 


Number Maximum Maximum 
watershe visable for eac visable for each 
years succession nish daily tributary per 
900 000 galls. watershed, actually deliv- 
during severe millions ered, millions 
drought. gallons. gallons. 


| 


San Francisco. 


No. 5.00 250 250 


The estimated minimum the average rainfall, 
South Africa, speaks for itself, and illustrates the severe droughts 
which the country subject times. 

The author’s remarks about the Roman Dutch Law, which prevails 
the Colonies, are quite amusing. His statement that: 


there one thing which the Roman Dutch Law recognizes, 
that actual beneficent use must proved before any right water 
can obtained.” 


Such praiseworthy law this would God-send California, 
and would away with the litigation now going on, and 
which has brought forth decisions, first one way and then another, 
until the whole legal system racked with doubts and uncertainties 
every point. 

The Common Law England force California, and this 
law will never fit the vital necessities the community, and will 
have modified, sooner later, meet the demands common 
sense, 

would seem, however, that, after all, the Colonial Government 


naturally the proper party undertake the construction suitable 
irrigation works. 
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Low, Am. Soc. (by letter).—It hoped that 
this paper will elicit especially many railroad en- 
gineers are enrolled the Society. Some somewhat similar 
paper was presented, and the writer was the only one who took part 
the discussion. difficult explain why few members con- 
tribute thediscussions. may from lack interest, perhaps 
railroad engineers think they are too busy. 

the line accompanied the paper would very ad- 
vantageous, the alignment and profile railway line are always 
interesting study, particularly the locating constructing en- 
gineer. The character and magnitude the grading are grasped 
more readily when thus graphically presented. 

Mr. Allan gives quite number illustrations and plans arch- 
and but regretted that has not stated the 
manner method which the sizes the various openings were 
determined. 

most engineers are aware, the determination culvert openings 
far from scientific. would not far from the truth say that 
most cases they are determined guesswork, and that much 
depends the judgment the guesser. 

One bad feature the culverts, built, the offset the junc- 
tion the wing-walls and the barrel, the tendency which 


Continued from Proceedings. See 1903, Proceedings, for paper 
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TYPICAL SECTION 16-FOOT 
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contract the waterway. also place for the lodgment drift- 
wood. Also, would not have been better single arch, 
somewhat smaller waterway, than the one? 

One good feature the furnishing the cement the railroad 
company. This the practice number first-class railroads, and 
has much commend it. 

Fig. atypical plan indicative the practice 
number prominent eastern railroads, and the type which the 
writer prefers. 

This plan shows parallel wing-walls, but flaring walls are often 
preferred. every case, however, the offset the junction the 
walls and the barrel avoided. 


esting trace the aid sketches and photographs the gradual 
change from difficult simple designs for wing-walls for arch 
bridges. Every engineer familiar with early railway construction 
this country has felt thrill genuine pleasure well astonish- 
ment when standing upon the parapet high masonry bridge above 
the amphitheater formed wing-walls that follow for 90° the cir- 
cumferences circles having for their radii the distance out” and 
for their centers points the lines the bench-wails extended. 
The effect intensified the broad area well covered large 
forest trees. But when necessary widen the and 
increase the number tracks—that invites different state mind. 

The wing-walls should built the line the culvert walls, and 
begin batter, they are battered all, the skewback spring- 
ing line the arch. There may instances cities and conspicuous 
places where, for appearance, the design shown the author war- 
ranted, but, generally speaking, and especially the West, where 
may not quite certain whether road will pay only 
10% upon the investment, any change that makes the work less 
expensive and stronger while adding the safety should invite 
attention. 

Offsets and corners masonry are sources annoyance and 
expense that the contractor usually Offsets the end 
culvert invite accumulations drift; wedge- funnel- 
shaped passages, while the straight-wall wings offer their ends the 
same width passageway that the culvert offers, and flood-wood, 
fence rails, what not, stop there, causing the water and 
the overflow goes through the culvert and will continue 
after such dam has reached height above the top the culvert 
opening; that the straight-wing, instead embracing trouble, 
rude fender keep trouble away. Especially this true small 
opening under high embankment. 
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The parapet and coping are diminished such construction. Mr. Dunham. 
Extension the culvert becomes easy matter, and, for appear- 
ance—there possibility getting used it. 

illustrate further these advantages, Plate introduced, 
and shows culvert, built 1890, the line the Wheeling Bridge 
and Terminal Company, now owned the Pennsylvania Railway. The 
Chief Engineer was the late Job Abbott, Am. E., and the 
writer was Engineer Charge. 
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Discussion.* 


Mr. Kiersted. Am. Soc. (by writer has read 
this paper with much interest, particularly records the methods 
operating sand filters abroad and indicates the character super- 
vision needed insure successful results filtering public water 
supplies. The description confined the slow sand biological 
filter, the merits which has been long and successfully established. 

generally recognized the successful operation any kind 
water-purification plant requires skilled supervision, but im- 
portant that the mechanical control the filter should beso complete 
and the necessary examination the water standardized that the 
amount skilled supervision can safely reduced minimum, 
the interest economy operation. 

Long experience with biological filters abroad has doubtless 
developed structural standards, permissible range filter velocity, 
and approved methods filter manipulation, which, when duly 
regarded, insure exposure the water the biological processes 


This discussion (of the paper Eugen Goetze, Esq., printed Proceedings 
for September, 1903). printed Froceedings order that the views expressed may 
brought before all members the Society fur further discussion. 

Communicatious this subject received prior December 25th, will 
published subsequently. 


? 


ripe filter long enough become practically purified and perfectly Mr. 
wholesome, provided the raw water introduced into the filter not 
tooturbid. Thus far, efforts seem have been directed toward the perfec- 

tion standards governing the purity and wholesomeness the output 

the filter. Such standards are absolutely essential, course, and, 

when once established, they must control, within practical limitations. 
order conform them practice, becomes necessary vary 
somewhat the manipulation the filter, according the character 
the raw water introduced—the more turbid the raw water is, the slower 
must the velocity filtration order meet the requirements 
the controlling standard purity. But, the author has well stated, 
possibility reducing velocity practice soon reaches end,” 
and proposes double filtration means securing filtrate 
the desired purity without prejudicial change filtration velocity, 
whenever the turbidity and bacterial contents the water exceed 
that which admits conformity the standard purity after 
single 

Doubtless double filtration, practiced Bremen, fills the 
requirements the situation admirably, necessary for only 
brief period each year. But, the usual condition the river 
water were one high degree turbidity, the writer believes the 
investment filters sufficient capacity for double filtration reg- 
would prove greater than investment com- 
bination settling basins and single-filtration filters accomplishing 
equally good results. 

Many rivers the United States furnish water great degree 
turbidity for the greater portion each year that thorough 
preparation the water advance filtration 

Thus far, sedimentation settling basins has proved the best 
method for preparing the water for filtration. However, with many 
waters, chemical treatment the settling basin imperative the 
proper reduction turbidity, and its assistance believed the 
turbidity may reduced that single filtration will afford perfectly 
wholesome water after the filter proper condition for biological 
work. 

The writer believes that standard should adopted for the 
turbidity water admitted biological filter, this way alone 
can uniformity filtering velocity and manipulation secured 
which enables filter deliver uniformly acceptable product. 
would make filtration altogether refining process, and would 
meet the fluctuation turbidity the raw river water the settling 
basins and there modify the manipulation and treatment the raw 
water suit its changeable physical characteristics. 

Incidentally, there will reduction bacteria during the 
paitial clarification process the settling basin, but the writer 
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would fix standard for bacteria reduction during this process, 
this obviously the work which the biological filter expected 
perform. 

The adoption such standard for the raw water would 
result, among other things, minimizing the amount skilled 
attention required the operation the water purification plant, 
because the conditions surrounding the operation the filters would 
more nearly uniform, day after day, and the variation the 
physical characteristics the water would readily observable 
open settling basin and controlled accordingly. Moreover, 
believed cheaper remove the accumulation sediment from 
settling basin than from filter. 

admitted, however, that some skilled attention required 
operate settling basin successfully, particularly where circumstances 
require the use coagulant. But, this regard, methods can 
thoroughly standardized that the skilled supervision can made 
comparatively easy matter. 

Jun. Am. Soc. E.—In his description 
the Bremen filters, Mr. Goetze has called attention many inter- 
esting connected with their operation. One, which espe- 
cially interesting, method differing from that used 
America, the transportation and washing sand, and will, per- 
haps, interest describe the methods used the Philadelphia 
filters, and trace the progress made there. 

Two systems, known the Upper and Lower Roxborough 
have been completed and operation for some time Philadelphia. 
the Lower Roxborough filters, for some time after they were 
started, the dirty sand was removed from the beds wheel-barrows 
and washed time. March, 1903, pressure and dis- 
charge pipes were placed the filters, and since then the dirty sand 
has been transported from the bed directly the washers port- 
able ejector under water pressure. After passing through the 
washers, the sand transported water the clean-sand pile. 

The ejector simply hopper which horizontal jet water 
passes through sprayer pipe and flushes the sand down toward the 
nozzle. Ordinary heavy fire-hose used connect the ejector with 
the permaneut iron pipes, which extend through the center the 
The dirty sand not only removed from the bed the ejec- 
tor, also washed and delivered the clean-sand pile, without 
extra labor. The force required, therefore, only large enough 
keep the filters scraped, the men work this all the time. 

additional water required, the ejector does the greater part 
the washing, and not all the hoppers the washer are required, 
compared with washing directly from the pile. 

Lower Roxborough, with one ejector and pressure from 
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from cu. yds. sand per hour are removed and Mr. Under- 
washed four men, using from 800 galls. water per 
yard; or, other words, from volumes water 

volume sand. 

Upper Roxborough, with two ejectors and pressure from 
from cu. yds. sand per hour are removed and 
washed seven men, using from 200 galls. water per 

The total cost scraping the filters, removing and washing the 
sand, including all changes the pipe, and the cost water, varies 
from cents per cubic yard. 

The total filtering area Lower and Upper Roxborough 8.25 
acres, and eight men are constantly engaged scraping, removing 
and washing the dirty sand, which amounts about 000 cu. yds. 
per month. 

This demonstrates the effectiveness the ejectors for cleaning 
filter quickly, and also shows great reduction cost, compared 
with removal wheel-barrows and wasbing later. 

the relative cleanness the sand: Before the ejector was in- 
stalled five hoppers were used, and the turbidity the average scrap- 
ings, about parts per million, was reduced about 
parts per million. Upper Roxborough, present, the eject- 
and one are used, and the turbidity from 
000 parts per million reduced about 500 parts per million. 
the sand delivered from the ejector pipe, has turbidity from 
200 500 parts per million, and with proper means removing 
the dirty water, believed that the ejector will give sufficient 
washing. 

The average length run the Roxborough filters about 
days, and rate about galls. per acre per day 
maintained. From sand are removed each 
scraping. 

Am. Soc. E.—The speaker has been Mr. Fuller. 
very much interested the description the working the Bremen 
filters, and especially the ingenious method used secure the 
benefits double filtration the water coming from filters when 
first put commission. 

The principle refiltering the first part the run newly 
scraped filter, where would uneconomical allow this filtrate 
run waste, certainly line with the best practice filter opera- 
tion, but the speaker would hesitate the accomplishing 
this object the manner described the author. 

One the first tenets the design slow sand filters America 

has been make them near fool-proof possible, and take espe- 
cial care that there are through which, either accident 
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passing through sand layer. 

feared that the existence by-pass may prove too great 
temptation foreman desirous making record for long runs 
between scrapings, and the resulting economy maintenance, and 
customary this account provide only one by-pass between raw 
and filtered water for use case accident, this by-pass being 
strongly guarded with locks and seals that cannot opened 
without the knowledge those highest authority. 

the design shown, the seal the syphon may accidentally 
designedly maintained after changing single filtration, and this 
manner raw water could delivered directly into the filtered-water 
conduit. 

The additional first cost construction also bar the adop- 
tion the method described, may, and often does happen, that 
periods greatest turbidity are coincident with periods greatest 
consumption. 

America definite rule has been laid down for guidance the 
operation filters, but customary assume sufficient purifica- 
tion the average the effluent from all filters gives bacterial con- 
tent less than 100 per cubic centimeter. 

the principle recognized, however, that the filtrate from each 
filter shall have less than the above bacterial content before enter- 
ing the filtered-water conduit there will additional first cost 
the double filtration proposed, any case provision would have 
made the design for additional tilters take the place those 
the process ripening. 

design with which the speaker now connected the principle 
has been recognized that the best practice not turn the first fil- 
trate from newly scraped filter into the filtered-water conduit, and 
provision made for the wasting this water effluent-drain 
reservoir from which reservoir all water required for transporting and 
washing sand pumped. This water can also pumped back 
into the raw-water conduit the sand washing and transportation 
does not require its use, and this cost pumping, which very 
small, owing the small lift, believed good investment 
insurance against the improper use by-passes. 

Should the water from single filtration show turbid the effluent, 
the remedy recommended the speaker would preliminary fil- 
tration through mechanical filter run high rate and without 
coagulant. 

The author appears great champion automatic regula- 
tion, having automatic regulators both the raw-water inlet and 
the filtered-water outlet. This may be, and probably the best 
method for small plants receiving raw water under pressure, but the 
speaker opposed their use where they can avoided. 
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The taking the raw water from large reservoir constant Mr. Fuller. 
level, and the control the effluents from large number filters 
from central house hand regulation appears him present 
more nearly fool-proof combination than automatic regulation. 
The author wrongly informed the volume water required 
for sand the injector system, the poorest ejectors use 
any the plants known the not require more than 
volumes water sand, and the newest types compare favor- 
ably with the volumes required the washer descriked the 


with the additional advantages transporting the washed sand 
any distance. 


Assoc. Am. Soc. E.—This paper describes Mr. Soper. 
clear and instructive manner howits author has solved one the 
most common and unsatisfactory problems water purification. 
easy filter the water the Bremen, under ordinary cir- 
cumstances, but, times, may become very difficult. fact, 
impossible remove the impurities single filtration, and be- 


comes necessary pass the water second time the filter 
bed. 


the purification river waters, may said that such condi- 
tions are the rule many the and Eastern States. The fre- 
quency with which the periods difficulty are met, and their duration 
and severity, are the important influences deciding the means for 
assisting the filters. exceptionally roily water encountered 


only three four times year, Bremen, such arrangement 

that described the author may offer the best solution. the water 

more often turbid, and the impurities removed are excessive 

amount, may desirable use large settling basins, are 

common America, the suspended particles may precipitated 

with chemicals, the United States and some places Holland. 

the streams are comparatively short and the intervals turbidity 

brief, the plant may shut down entirely until the worst the im- 

pure water has disappeared, practiced England. Finally, 

the effluent filter objectionable only because its bacterial 

contents, the water may sterilized, for example, with ozone, has 
been done successfully Germany. 

determining precise way the factors upon which choice 

the most suitable means preparing water for filtration depends, 

and treating after filtration, lies important field for further 

investigation. 

many will new idea that water may need any other 

treatment than filtration, for there general impression, outside 

the engineering profession and among some persons it, that 

water has been once filtered must necessity pure. frankly 

acknowledging the limitations the filter Bremen, and affording 
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Mr. Soper. means for understanding wherein these limitations lie, the author has 


performed useful service. 

Those who have had occasion design operate filtration plant, 
with water which usually clear but sometimes turbid, know the 
fallacy supposing filter capable heavy work. those 
who have practical knowledge water purification, evident 
that the capacity filters all kinds handle suspended matters 
limited, and that the conditions under which they can operated 
safely must known thoroughly and kept mind constantly re- 
sults are required which are satisfactory analytically. 

relation this may interesting recall the definition 
filter given the pioneer water purification America, the late 
the greatest To-day Mr. Kirkwood’s definition illus- 
trative rather than accurately descriptive. Filters are more than 


screens, yet they are like delicate screens being able remove fine 


particles suspended matter and the same time unable handle 
great deal it. 

Nothing these remarks should taken indicate that the 
writer opposed the use filters the purification water 
supplies. Engineers are forced recognize the efficacy filters 
many ways and are not disposed underrate their value. They 
have accomplished inestimable good protecting communities all 
sizes, from smal] villages cities the first class, against cholera, 
typhoid fever, and other infectious diseases. But not correct 
assume that the whole art water purification rests the filters. 
the writer’s opinion broader view this subject should taken. 
should admitted that, for successful working, water filters all 
kinds must handled with great care; and that either very fine 
very coarse material, great deal suspended matter any kind, 
soon puts them out service. 

was once thought that the structural elements rapid water 
filters could designed that simple combination and adjustment 
them would fit them any water. This view has had modified. 
Filters are not elastic they were formerly thought be. The 
leading question tc-day not how toadapt filters different waters, 
but how adapt the different waters that they can handled 
the filters. 

The author has well said that the product purification, and not 
the percentage removal, should the standard for judging the suc- 
cess plant. this country efficiency 99% removing 
bacteria generally accepted satisfactory evidence filter’s 
this direction, and the numbers bacteria found 
filter effluents not exceed 200 per cubic centimeter, determined 
American methods, often contended that they should con- 
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sidered satisfactory. This may may not all that should Mr. Soper. 


demanded. Much depends upon the character the impurities 
dealt with. the filter built purify water which un- 
pleasant the sight and taste, and there special need 
removing bacteria, one may satisfied with high percentage 
removal and comparatively large numbers bacteria the effluent. 
If, the other hand, most often occurs, the purification plant 
intended remove color, turbidity and sewage bacteria, the 
standard which the operation the plant should judged must 
the amount impurities the water after treatment. long 
rivers and streams are regarded into which all 
manner wastes may thrown without restriction, plants for the 
purification drinking water derived from these streams should 
built remove practically all the bacteria. accomplishing 
this end, will necessary take into account many processes 
which were formerly considered preliminary supplemental, 
and not indispensable purification filtration. The so-called 
preliminary processes include sedimentation and precipitation 
chemicals. The processes which water may purified after 
passing through filter are not The author has in- 
dicated one them. 

There seems good reason believe that will not long 
beyond the range practical expediency sterilize public water 
supplies which not practicable purify adequately single 
filtration. Many instances late have served call attention 
sterilization. The question has been discussed before engineering 
societies America, France and Germany, and before the International 
Congress Hygiene and Demography. There are great many offi- 
cial reports, monographs and journal articles hand, which the 
views many scientific investigators have been expressed favor 
sterilization. 

The sterilization public water supplies not new idea. 
was suggested member the American Society Civil Engineers 
1894, and the same gentleman paper the subject before 
this Society later date. The process advocated was distillation. 
Basing estimate, the cost distilling supply several million 
gallons water per day, evaporative efficiency 14.3 lbs. 
water per pound coal, has been stated that the annual cost 
supplying distilled water community 40000 people would 
not excess per capiia. Since this estimate was given, im- 
provements have been made methods evaporation, which would 
probably reduce the cost producing very large volumes distilled 
water. plant erected for the United States Government Fort 
Jefferson, Dry Tortugas, with daily capacity 000 galls., has 
developed official trial efficiency 22.8 lbs. water per pound 
coal, the water this case being salt. 
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The present outlook not unfavorable for the use chemical ger- 
micides for the sterilization water large scale. The germicides 
are added minute quantity, accomplish their result quickly and are 
removed from the water without any way interfering with its 
attractiveness hygienic qualities. 

first sight, the idea killing the bacteria water before drink- 
ing appears carry with serious objections, but, upon consider- 
ing the matter carefully, will evident that these are founded 
upon mere popular prejudices similar those held against the use 
chemical coagulants rapid filtration. Arguments brought against 
the wholesomeness sterilized water and food have, the average 
but little scientific foundation. Sterilized food common 
article commerce, and the enormous sale canned goods, all 
which are sterile and very large proportion which have been 
treated with chemicals help flavor, color preserve them, 
increasing. Within recent years, large demand has grown for 
sterilized water and ice, that there hardly city this country, 
000 inhabitants more, which has not plant for the preparation 
these conveniences. 


Assoc. Am. Soc. E.—This paper presents 
the speaker four more less separate ideas which have important 
bearing the present design slow sand filters. 

1.—The main idea the paper—that double slow filtration will 
produce effluent having constantly low number bacteria all 
seasons, and not merely relatively low number bacteria, does 
single filtration. 

2.—A suitable schlammdecke only obtainable (in reasonable 
time) the application raw water. 

3.—At least hours filtrate should refiltered wasted, being 
likely contain excessive number bacteria. 

washers are not economical revolving washers. 

The ideas will referred different order, beginning with the 
third. 

course, there nothing new the fact that the water filtered 
first high bacteria. The Germans have simply arrived higher 
standard than the Americans. Filtration, here, its infancy, and 
public sentiment hardly educated demand any filtration. the 
same time would add not very large proportion the cost 
pump and refilter, waste, may most economical the par- 
ticular case, the first hours’ flow from newly scraped filters. the 
shortest period between scrapings were ten days, would take, 
most, plant about one-quarter more capacity. Time will create 
demand for this thiscountry. Perhaps engineers, even now, could 
carry through cases where filtration was finally adopted. The 
effect, the average quality the filtrate, using the first part 
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runs, evilently depends the proportion newly washed filters, Mr. Wiggin. 


and, ordinarily, the visible effect large plant would not great. 

Regarding the fourth idea, the speaker believes the Philadelphia 
results, and, still further, the results some other plants now under 
construction being planned, will change Mr. Goetze’s views. 
unaware the present development whereby sand washed 
and transported the same time direct its place another filter, 
without storage rehandling. The author does not give details 
cost washing moving sand from the beds, and may that 
some our present plants having ejector washers would compare 
favorably the cost the equivalent items for ejector washing. The 
total cost per million gallons ($1.52) not much less than the cost 
Albany, for example, account for the great difference wages. 
Only detailed account cost showing what items are included 
Mr. Goetze’s cost would enable this question decided. 

Referring now the first main idea, double slow filtration, 
there can dispute that this accomplishes that can reason- 
ably expected from water purification,” least, until the world 
has moved along good deal. The question is, can accomplished 
more cheaply another way? The speaker thinks there are very few 
cases this country, like Bremen, which the same area that com- 
monly allowed for single filtration will double filtration 
times high water. The only consumption tables the speaker has 
hand are those the Metropolitan Water District, Massachusetts. 
The amounts for 1902 are follows: 


Millions Millions Millions 
gallons gallons gallons 
per day. per day. per day. 
Jan., 118 May, 106 Sept., 108 
Feby., 117 June, 110 Oct., 106 
March, 108 July, 108 Nov., 105 
April, 103 Aug., 107 125 


evident that, Boston, there great difference between the 
consumption periods high and low water. The author gives 
100 mm. per hour, the velocity the preliminary filter, and 100 mm. 
more, the velocity the final filter, or, say, ratio 


the consumption periods high water were 0.57 


that for which the filter plant were designed, then possi- 
ble use double filtration periods high water without increasing 
the size plant designed for single filtration the minimum rate 
mentioned. cases where the consumption practically constant, 
evidently about three-fourths more filter area would required use 
double filtration the basis the above rates. 

The tendency American ideas seems toward rough prelim- 
inary filtration rates and devices suggested the American 
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Mr. Wiggin. rapid system filtration, though generally without the use chem- 


icals, with subsequent slow sand filtration unusually high rates. 
This method would result comparatively cheap plant. The 
method the author, doubtless, would not compare with cheap- 
ness. The question is, whether the American method can relied 
upon approach the German effectiveness. The results the 
Philadelphia and Harrisburg experiments would throw great light 
the question, and their publication will awaited with much inter- 
est. Even this new method does not give quite good results 
double slow filtration, American cities, rule, are not ready for the 
additional cost which the author’s method would entail. 

Regarding the second idea, that raw water required for schlamm- 
decke, this has direct bearing any double system filtration. 
the preliminary filtration pretty complete removing turbidity, 
would seem reasonable that might desirable have provision 
for admitting raw water the newly scraped filters. comparatively 
small pipe would this, because only small proportion, suy one- 
tenth, the filters would using raw water once. Information 
the necessity this provision, for the new American system 
double filtration, from Harrisburg, will looked for 
with great interest. 

Evidently, little excess area the final filters would required 
for this method applying raw water furnish schlammdecke, 
slow rate for the raw single filtration would necessary 
and still further excess would needed the first filtrate were 
thrown away admitted the other filters, the author’s method, 
pumping, any other method. 
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MEMOIRS DECEASED MEMBERS. 


will reproduced the Volumes Transactions. Any informa- 
tion which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final publication. 


JOHN BUTLER JOHNSON, Am. Soc. E.* 
1902. 


John Butler Johnson was born, June 11th, 1850, Quaker 
parentage, farm near Marlborough, the northeastern part 
Stark County, Ohio. died fifty-two years afterward, June 23d, 
1902, his summer home Pier Cove, near South Haven, the east 
shore Lake Michigan, having that time won very high place 
instructor engineering and the esteem all who knew him. 

The first sixteen years his life were spent home the whole- 
some life the farm. Meantime, attended school Marlborough, 
during one year school which Dr. Mendenhall was 
the principal. 1860 the family—father, mother and seven children— 
moved Kokomo, Indiana. Here, for short time, attended the 
Howard College, after which attended the Holbrook Normal School 
Lebanon, Ohio. 

After this, four years were spent teaching school various 
points, mostly Indiana, though for one term had charge 
school Arkansas. 1872, when twenty-two years age, was 
called Indianapolis, where remained two years, Secretary 
the School Board and Instructor the High School. 

1874 entered the University Michigan, from which was 
graduated the civil engineering course 1878. His next five years 
were spent the practice his new profession, the first three years 
the Survey the Great Lakes, the last two years Assistant 
Engineer the Mississippi River Commission, with headquarters 
St. Louis. large part this time was spent field work, and 
became quite expert instrumentman, particularly the work 
precise leveling. 

April, 1882, became Member the Engineers’ Club St. 
Louis, which took very active interest. February, 1883, 
was chosen Secretary the Club. 

the autumn 1883 was called the Chair Civil Engineer- 
ing Washington University, St. Louis, position which 
succeeded Professor Charles Smith who had also preceded him 
Secretary the Engineers’ Club. For his new work, Professor John- 
son’s experience had been most admirable training, and soon at- 
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tained marked success. have been his equals the ability 
interest and inspire his pupils. 

During the sixteen years which remained Washington Uni- 
versity, Professor Johnson, who was tireless worker, found time for 
the writing the books which have made his name familiar all 
students engineering. The magnitude and importance his work 
author shown the following list his books given the 
order their first publication: 

1.—In 1885, Topographical Surveying means the Transit 
and 

2.—In 1886, ‘‘The Theory and Practice Surveying.” one 
the best books its kind, and numerous editions have been called 
for. 

3.—In 1892, Theory and Practice Modern Framed 
Structures,” quarto book, 525 pages, bridges and roofs, the 


preparation which was assisted Professor Turneaure 
and Mr. Bryan. 

4.—In 1895, Contracts and Specifications.” 
preparation for this work, Professor Johnson attended course 
lectures the University Law School. 

5.—In 1897, Materials Construction,” which were embodied 
the results large amount work done him the testing 


laboratory the University. 

addition the labor writing these books, say nothing 
numerous professional papers and addresses, did large amount 
work upon the Index Current Engineering published 
the Journal the Association Engineering Societies. this 
index, which great value engineers and engineering students, 
Professor Johnson was the originator and the manager from October, 
1884, December, 1895, when the work was taken and continued 
the Engineering Magazine. 

From 1892 1895 was engaged making investigations the 
strength timber for the Division Forestry the United States 
Department Agriculture. The results these investigations, some 
which were important, are embodied several bulletins the 
Department. 

Professor Johnson was one the founders, for two years the first 
Secretary, and for one year President the Society for the Promotion 
Engineering Education, organized 1893. 1895 took 
active part the formation the St. Louis Railway Club, large and 
flourishing organization men engaged railway operation, and 
was member the Executive Committee until his removal from St. 
Louis. 

1899, after sixteen years service Washington University, 
accepted appointment Dean the Engineering School the 
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University Wisconsin, Madison. His life there was continua- 
tion that St. Louis, life diligent, faithful and highly suc- 
cessful work. leadership the Engineering School Madison 
took fresh life and grew never had done before. Meantime, he, 
himself, became important factor the life the University and 
the city his adoption. Everything, indeed, pointed long 
career distinguished usefulness, when all was ended suddenly 
his untimely death. 

Professor Johnson, May 3d, 1892, became Member the In- 
stitution Civil Engineers, Great Britain. March 14th, 1899, 
was elected Member the Western Society Civil Engineers, 
and thereafter until his death took very active part its work. 
was also member the American Society Mechanical Engineers; 
the International Association for Testing Materials; the American 
Association for the Advancement Science; the Academy Science, 
St. Louis; the Art Club Madison, and the University Co-operative 
Association. was also very earnest and active member the 
Unitarian Church, Madison, had formerly been the Church 
the Unity (Unitarian), St. Louis. 

1878, the year his graduation from the University Michigan, 
was married Miss Phebe Henby, who, with three daughters and 
two sons, survives him. 

The large work accomplished Professor Johnson proof the 
untiring industry and devotion duty which always characterized 
him. What his hand found do, did with his might. 

Asateacher had few equals. not only knew his subject 
himself, but knew how impart his knowledge and help his 
pupils that they should thereafter need help. 

Outside his special work was ever mindful his duties 
the city, the State and the world. was good citizen, valiant 
fighter against ignorance and evil. was faithful every duty, 
whether private public; man whose death loss all men. 

Professor Johnson was elected Member the American Society 
Civil Engineers April 7th, 1886. 1899 presented paper 
entitled Iron—Strength, Resilience, Tests, and Specifications,” 
and was frequent contributor the discussions the Transactions 
the Society. 
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MINUTES MEETINGS. 


THE SOCIETY. 


December 2d, meeting was called order 8.40 
M., President Noble the chair; Chas. Warren Hunt, Secretary; 
and present, also, members and guests. 

The minutes the meetings November 4th and 18th, 1903, were 
approved printed for November, 1903. 

Desirable Method Dredging Channels through River Bars,” was 
presented the Secretary, who also read communication the 
subject from Rudolph Hering, Am. Soe. 

The paper was discussed verbally Messrs. Corthell, 
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Ballots for membership were canvassed, and the following 
candidates elected: 


WALKER Melbourne, Victoria, Australia. 
GREEN, San Francisco, Cal. 

Jr., Easton, Pa. 

Ross, Pittsburg, Pa. 

REGINALD HEBER Seattle, Wash. 

ANDREW Mexico, Mexico. 


MEMBERS. 


Bowman, Chiapas, Mexico. 
CAMPBELL, Osceola, Ark. 

New York City. 
CHARLES WARREN Americus, Ga. 

Van Tidewater, Ala. 

Jr., Toledo, Ohio. 
Henry AMERMAN Fort Washington, Md. 


The Secretary announced the transfer the following candidates, 
the Board Direction, December Ist, 1903, from the grade 
Associate Member the grade Member: 


MEMBERS. 


FREDERICK ALBERT CoLEMAN, Belington, Va. 
Joun West New Brighton, 
New York City. 

Mason Mt. Vernon, Ohio. 


The Secretary announced the election the following candidates 
the Board Direction, December 1903: 
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Harrison Foss, Huelo, Maui, Hawaii. 
Scorr, Columbus, Ohio. 

Woop Union, Ore. 
Tuck Shanghai, China. 


Adjourned. 


December 16th, 1903.—The meeting was called order 8.45 
M., President Noble the chair; Chas. Warren Hunt, Secretary; 
and present, also, 107 members and guests. 

paper, Emile Low, Am. Soe. E., entitled The Break- 
water Buffalo, New York,” was presented the Secretary, 
read communications the subject from Messrs. Raymond, 
Thomas Pitts, William Lyle and George Fell. 

Adjourned. 
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THE BOARD DIRECTION. 
(Abstract. 


December 1903.—President Noble the Chair; Chas. Warren 
Hunt, Secretary; and present, also, Messrs. Briggs, Buck, Craven, 
Croes, Davison, Osgood, Pegram, and Schneider. 

The Secretary reported that the Committee appointed, the 
recommendation this Society, the authorities the St. Louis 
Exposition, 1904, organize International Congress Engineer- 
ing, had made every effort secure the co-operation the American 
Society Mechanical Engineers, the American Institute Mining 
Engineers, the American Institute Electrical Engineers, the Society 
Naval Architects and Marine Engineers, and the Society for the 
Promotion Engineering Education, and those Bureaus the 
Department War, and the Department Commerce and Labor, 
charge Military Engineering; but asthe American Society Mechan- 
ical Engineers, and the American Institute Electrical Engineers de- 
clined co-operate the project, the Committee had decided 
report its inability organize the proposed Congress, and had 
reported the authorities the Exposition. 

The Committee Publications, and the Secretary, were appointed 
Committee prepare for the Convention the Suciety 
International Basis. 


Applications were considered and other routine business trans- 
acted. 

Six candidates were transferred from the grade Associate Mem- 
ber that Member, and eight candidates for admission were elected 
the grade Junior.* 


Adjourned. 


See pages 438 and 
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every day, except Sundays, Fourth July, Thanksgiving Day and 
Christmas Day. 


MEETINGS. 

Wednesday, January 1904.—8.30 m.—A regular business 
meeting will held. Ballots for membership will canvassed, and 
paper, entitled Theory the Spherical Dome with Homogeneous 
Surface, and the Framed Dome; Also Notes the Construction 
Masonry and Metal Domes,” Schmitt, Assoc. Am. Soe. 
will presented for discussion. 

This paper printed this number Proceedings. 


ANNUAL MEETING. 

The Fifty-first Annual Meeting will held the Society House, 
January 20th and 1904. The Business Meeting will called 
order o’clock Wednesday morning. The annual reports will 
read, officers for the ensuing year elected, and members the Nom- 
inating Committee appointed. The proposed project for Union En- 
gineering Building, and the proposition appoint Special Com- 
mittee and will also part the 
order business. 

Arrangements for the excursions and entertainments have been 
placed the hands the following committee: 


NOMINATING COMMITTEE. 


The Constitution provides that the Annual Meeting each 
year, seven Corporate Members, not officers the Society, one from 
each the seven geographical districts, into which the Society 
divided for this purpose, shall appointed the meeting serve 
for two years. 

The usual blank request for suggestions representatives 
each district, for presentation the meeting, has been mailed 
Corporate Members. 


ANNUAL CONVENTION, 1904. 
The Thirty-sixth Annual Convention will held St. Louis, Mo., 
during the week beginning October 3d, 1904. 
Committee the Board Direction now arranging pro- 
gramme, with view making this Convention International Meet- 


q 
4 
| | 
4 
| i 
; 
5 
| i 
q § 
q 
q 


442 ANNOUNCEMENTS. [Society 


ing Engineers, for the presentation and discussion timely sub- 
jects professional interest. 


the details the arrangements are developed, they will 
announced Proceedings. 


UNIVERSAL EXPOSITION, ST. LOUIS, 1904. 


The Society has undertaken provide for Engineering Exbibit, 
and the establishment Headquarters for visiting engineers, and the 
Board Direction has appropriated sufficient funds defray the 
necessary expense. 


This matter the hands the following Committee: 


Am. E., St. Louis, Mo., Chairman. 
Epwarp Carter, Am. Soc. E., Chicago, 

WILLIAM JACKSON, Boston, Mass. 

JOHN WALLACE, Chicago, 

Assoc. Am. Soc. E., St. Louis, Mo., Secretary. 


SEARCHES THE LIBRARY. 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work required. Since that time many such 
searches have been made, and bibliographies and other information 
special subjects furnished. 

The resulting satisfaction, the members who have made use 
the resources the Society this manner, has been expressed 
frequently, and leaves little doubt that, were generally known 
the membership that such work would undertaken, many would 
avail themselves it. 

The cost trifling, compared with the value the time 
engineer who looks such matters himself, and the work can 
performed quite well, and much more quickly, persons fa- 
miliar with the Library. 

Copies all lists references are filed, that many cases 
only necessary make typewritten copy, which reduces the cost 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 
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ACCESSIONS THE LIBRARY. 
From November 11th December 8th, 1903. 


DONATIONS.* 
MODERN LOCOMOTIVE PRACTICE. 


Treatise the Design, Construction, and Working Steam 
267 pp., illus. Manchester, The Scientific Publishing Com- 
pany. pence, net. 


this book the first chapter contains short discussion the resistances 
overcome the locomotive, and the chapters which follow are arranged hat 
appears the author the natural order. Two chapters are devoted the discus- 
sion the different general types use Great Britain, and then follow ten chapters 
dealing with the different parts detail. The design link motions and radial 
valve gears has been treated considerable length, and new method working out 
accurately link motion described. similar method adopted for the working out 
Joy’s valve gear, and calculation given the maximum the stresses 
the connecting rod the inertia this gear. All the drawings have been repro- 
duced from actual working drawings. The Contents are: Introduction—Train Resist- 
ance; Types Express Locomotives; Goods and Mineral Engines; The Locomotive 
Carriage; Boilers; Cylinders; Valve Motions; Radial and Single Eccentric Valve 
Gears; Connecting Rods; Crossheads and Slides; Crank Axles; Balancing; Wheels; 


Examples Modern Locomotives; Slipping Locomotives High Speeds. There 
index five pages. 


IRRIGATION ENGINEERING. 


Revised and Enlarged. Cloth, ins., 573 pp., illus. 
John Wiley Sons, 1903. 


The author states the preface that since the issue the second edition there 
have been few important developments hydraulic engineering, consequently the 
present revision does not affect any portion the book radically, though has been 
sufficiently thorough affect every portion more less. There have been constructed 
recently number great storage-dams, both masonry and loose rock, and_im- 
portant changes existing structures have been made. These are noted Part 
which the greatest amount textual change has been made. The chapter sub- 
surface water sources has been improved materially. The chapter rainfall and 
run-off streams has been brought date and extended. The Contents are: 
Precipitation, Runoff, and Stream Evaporation, Absorption, and Seepage; 
Alkali, Drainage, and Sedimentation; Quantity Water Required; Flow and Measure- 
ment Water Open Channels; Sub-surface Water Sources and Sewage for 
tion; Classes Irrigation Alignment. Slope, and Cross-Section; Headworks 
and Diversion Weirs; Scouring Sluices, Regulators, and Escapes; Falls and Drainage 
Works; Distributaries; Application Water, and Pipe Location and 
Capacity Reservoirs; Earth and Loose-Rock Dams: Masonry Dams, Wasteways and 


Outlet Sluices; Pumping, Tools and Maintenance; Tables. There index thirty- 
three pages. 


THE DESIGN STEEL MILL BUILDINGS AND THE CALCULATION 
STRESSES FRAMED STRUCTURES. 


ins., 367 pp., illus. New York, The Engineering News Publish- 
ing Co., 1903. $4.00. 


This book intended provide short course the calculation stresses 
framed structures, and give brief discussion mill-building construction. 
supplement the elementary books stresses, one hand, and the elaborate 
treatises bridge design, the other. While the book concerned chiefly with mill 
buildings, much the matter will apply equally well all classes steel-frame con- 
struction. Both the algebraic and graphic methods calculating stresses are 
described and illustrated. the discussion mill-building construction, the aim has 
been describe the methods construction and the material with 
brief treatment mill-building design, and the making estimates weight and 
cost. The Contents are: Dead Loads; Snow Loads; Wind Loads; Miscellaneous Loads; 
Graphic Statics; Stresses Framed Structures; Stresses Simple Roof 


Unless otherwise specified, books this list have been donated the Library 
the Publishers. 
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Simple Beams; Moving Loads Beams; Stresses Bridge Trusses; Stresses 
Transverse Bent; Stresses Portals; Stresses Three-Hinged Arch; Stresses Two- 
Hinged Arch; Combined and Eccentric Stresses; Genera! Design; Framework; Corru- 
gated Steel; Roof Coverings; Side Walls and Masonry Walls; Foundations; Floors; 
Windows and Skylights: Ventilators: Doors; Shop Drawings and Rules; Paints and 


Painting; Estimate Weight and Cost; Miscellaneous Structures. There index 
five pages. 


FRICTION AND 


Hand-Book for Engineers, Superintendents and 
Managers. William Davis. Cloth, 225 pp., illus. 
The Lubrication Publishing Co., Pittsburg, Pa., 1903. $2.00. 


The author, for the past ten years, has been position make close study 
lubrication, many kinds engines and machinery, under all sorts conditions. 
presenting this book the notice those who have with the use lubricants, 
while has not endeavored exploit any new theories, has kept mind the fact 
that engineers, managers and mechanics are busy men, and, therefore, has tried 
present the matter concise way that will readily understood readers 
and practical value their every-day work. Some the chapter headings are: 
Friction; Friction Losses; Theory Lubrication; Testing Oils; Cylinder and Valve 
Lubrication; Lubricating Appliances: Care Sight Feed Lubricators; Cutting and 
Scoring Cylinder Surfaces: Groaning Pump and Valves; Deposits 
Sticky and Solid Substances Steam Effects Some Boiler Compounds 
Cylinder Lubrication; Lubrication Gas and Gasoline Engines; Oiling Devices; 
Grease; Bearings and Journals; Hot Bearings and their Treatment; and Roller 
Bearings; Oil House Methods, Cost, etc. There index pages. 


Gifts have also been received from the following: 


Am. Electrochemical Soc. bound vol. Lillibridge, Ray 
Assoc. Ontario Land Surv. pam. Master Car Builders’ Assoc. bound vol. 
Baltimore Ohio Co. Mayne, Charles. vol. 


Metropolitan West Side Elevated Ry. Co. 


pam. 
Buffalo, Y.—Bureau Water. vol., pam. 


Canada—Supt. Immigration. vol. J.—Custodian Pub. Documents. 

Indianapolis Louisville Continental Jewell Filtration Co. 
pam. 

Rock Island Pacific Ry. Co. Edison Co. 


pam. 
pam. Newark, J.—Document Clerk. bound 


vol. 
Cincinnati, Hamilton Dayton Ry. Co. Poor’s Manual Co. bound vol. 
City Record. vol. Reading, Pa.—Water Dept. bound vol. 
Colliery Guardian Co. Ltd. Soc. Glasgow. 
Conn.—State Board Health. bound vol. 
Denver, Health. 2ipam. St. Louis Southwestern 
Detroit Mackinac Ry. Co. pam. Soc. Naval Arch. Marine Engrs. 
Gloucester, Mass.—City Clerk. Australia—Rys.Commr. pam. 
Great Britain—Patent Office. vol., pam. 


Toledo, St. Louis Western Co. 


pam. 
Harvard Univ. vol. Union Pacific Co. 
Labor Statistics. U.S. Bureau Steam Eng. pam. 

Ind.—Dept. Geology Natural Re- Copyright Office. pam. 

sources. bound vol. U.S. Navy Dept. pam. 
Inst. Engrs. Shipbuilders. bound Patent Office. vol. 

vol. Univ. California. vol. 
Inst. Marine Engrs. bound vol. Univ. Ill. Agri. Exper. Station. pam. 
Interurban Street Ry. Co. Wabash Co. 
Japan—Imperial Earthquake Investiga- Wisconsin Central Ry. Co. 

tion Committee. pam. Yazoo Mississippi Valley Co. 
League Am. Municipalities. vol. pam. 
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PURCHASE. 


Cours d’Electricite. Théorique Pratique. Par Sarazin. 
Deuxiéme Edition, Revue Augmentée. Paris, Bernard Cie, 
1903. 


Die Telegraphie ohne Draht. Von Augusto Righi und Bernhard 
Dessau. Braunschweig, Friedrich Vieweg und Sohn, 1903. 


Gas-Engine Design. With Introduction Comprsssed Air. 
Stoddard. Parker Burton, Detroit. 


The Principles its Generation and Use. Practical 
Handbook the Production, Purification, and Subsequent Treatment 
Acetylene for the Development Light, Heat and Power. 


Leeds and Atkinson Butterfield. Charles Griffin 
and Company, 1903. 


Hydraulics with Working Tables. Bellasis, Inst. 
Rivingtons, London, 1903. 


SUMMARY ACCESSIONS. 
November 11th December 8th, 1903. 


Donations (including duplicates)................ 178 
Total 
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[Society 
MEMBERSHIP. 
ADDITIONS. 
MEMBERS. 
ALBERTSON, Sub-Agt. and Mgr., Eng. Jun. Oct. 1895 
Dept., The Am. Trading Co., Kita- Assoc. Mar. 1], 1899 
Lincoln St., Malden, Mass ....... Nov. 1903 
Lewis 404 New Bldg,, Kansas 
Dec. 1903 
Howarp Chf. Engr., San Francisco Dry 
Dock Co., San Fran., Oakland San Jose R., Room 
12, Ferry San Francisco, Nov. 1903 
Chf. Engr., St. L., Brownsville 
Jr, Asst. Engr., Lehigh Coal Nav. Co., 507 
Drake Pa. Dec. 1903 
Martin, Asst. Engr., Dept. Jun. Nov. 1895 
Bridges, New York City, Broadway, May 1899 
Manzaneda 16, Matanzas, Jun. Jan. 1889 


Assoc. Apr. 1893 


Chf. Engr., O’Rourke 
Eng. Constr. Co., Nassau St., 


Dec. 1903 
Euston Station, London, Oct. 1903 


Asst. Engr. and Chf. Draftsman, Board 
State Harbor Commrs., Room 16, Bldg,, San 


Dept. Water Supply, Gas and Assoc. May 1899 


tricity, City New York (Res., 257 East Dec. 1903 
12th St., Flatbush, Brooklyn), Y....... 
Epwin Asst. Engr., Pitts. Lake Erie 
R., Terminal Station, Pittsburg, Pa...............- Oct. 1903 
Grant. Clinton St., Assoc. Feb. 1895 


Ry., Box 33, Tullahoma, Tenn....... 
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Date 
Membership. 
Mason. Chf. Engr., The Assoc. Dec. 1895 
Vernon Bridge Co., Mt. Vernon, Dec. 1903 
ANDREW Calle Damas 131, Tampico, 


ASSOCIATE MEMBERS. 


Brower, Asst. Engr., Brooklyn Heights 


Co., 164 Montague St., Brooklyn, Y.......... Dec. 
CHARLES Asst. Engr., Geo- 
logical Survey, Washington, Sept. 1903 


Erastus Engr. and Gen. Mech. 
Dept., Chapman Double Ball Bearing Co., Ltd., 


Van Engr. Office, Tusca- Mar. 1900 

Rhode Island Ave., Washington, Oct. 1903 


Jr. Chf. Engr., The Toledo 
Ry. Terminal Constr. Co., 201 Terminal Station, 
Toledo, Ohio 


Henry Amerman. Chg. Constr. 

Work for Engr. Dept. Ft. Wash- Jun. Mar. 1901 


ington, Md., and Ft. Hunt, Va. Assoc. Dec. 1903 
Engr. Office, Fort Washington, Md. 


ASSOCIATES. 
Box 739, Erie, Pa............... Nov. 1903 
862 Fiftieth St., Brooklyn, Jun. Jan. 1902 
JUNIORS. 


Gay, 425 Avenue Bayonne, Oct. 1903 


Harry Topp. Old Lyme, Oct. 1903 
Guy. Union Station, .............. 1903 
3755 Washington St., Kansas 

Howarp Box 522, Boonton, Dec. 1903 


Woopcock, Insp., Brooklyn Heights 
Co., 2431 Church Ave., Brooklyn, Dec. 1903 
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448 CURRENT ENGINEERING LITERATURE. 


[Society 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(November December 8th, 1903.) 

This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can 
any engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


LIST 
the subjoined list articles references are given the number pre- 


fixed this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 

(2) Proceedings, Engrs. Club Phila., 
1122 Girard St., Philadelphia, Pa. 

(3) Journal, Franklin 
phia, 

(4) Journal, Western Soc. Engrs., Mo- 
nadnock Block, Chicago, 

(5) Transactions, Can. Soc. E., Mon- 
treal, Canada. 

(6) School Mines Quarterly. Columbia 
Univ., New York City, 50c. 

(7) Technology Quarterly, Mass. Inst. 
Boston, 75c. 

(8) Stevens Institute Indicator, Stevens 
Inst., Hoboken, J., 

(9) Engineering Magazine, New York 
City, 25c. 

(10) Magazine, New York City, 


(11) Engineering (London), Wiley, 
New York City, 25c. 

(12) The International 
News Co., New York City, 35c. 

News, New York City, 


(14) Record, New York 
City, 
(15) Gazette, New York City, 


(16) and Mining Journal, 
New York City, 15c. 

(17) Street Railway New York 
City, 35c. 

(18) Railway and Engineering Review, 
Chicago, 

(19) Scientific American Supplement, New 
York City, 10c. 

(20) Iron Age, New York City, 

(21) Engineer, London, Eng- 
land, 

(22) and Coal Trades Review, Lon- 
don, England, 25c. 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

American Gas Light Journal, New 
York City, 

Engineer, New York City, 


(26) Electrical Review, London, England. 

(27) Electrical World and Engineer, New 
York City, 10c. 

(28) Journal, New England Water- Works 
Assoc., Boston, $1. 

(29) Society Arts, London, 
Engiand, 15c. 

(30) Annales des Publics 
Belgique, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Ecole Gand, Brus- 
seis, Belgium. 


(32) Mémoires Compte Rendu des Tra- 
vaux, Soc. Ing. Civ. France, 
Paris, 

(33) Génie Paris, France. 

(34) Portefeuille des Ma- 
chines, Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Paris, France. 

(37) Revue Mécanique, Paris, France. 

(38) Revue Générale des Chemins 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 

(40) Railway Age, Chicago, 

(41) Modern Machinery, 

(42) Transactions, Elec. 
New York City, 50c. 

(43) Annales des Ponts Chaussées, 
Paris. France. 

(44) Journal, Military Service Institu- 
tion, Governor’s Island, New York 
Harbor, 

(48) and Minerals, Scranton, Pa., 


(46) American, New York City, 


(47) Engineer, Manchester, 
England. 

(54) Transactions, Am. Soc. E., New 
York City, $5. 

(55) Transactions, Soc. E., New 
Yerk City, $10. 

(56) Transactions, Am. Min. Engrs., 
New York City, 

(57) Colliery England. 

(58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, Pa., 50c. 

(59) Transactions, Mining Inst. Scot- 

London and Newcastle-upon- 


olis, 

(61) Proceedings, Railway 
225 Dearborn St., Chicago, 

(62) American Manufacturer and 
World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. E., 
London, England. 

(64) Power, New York City, 20c. 

(65) Official Proceedings, New York 
road Club, Brooklyn, Y., 15c. 

(66) Journal Gas Lighting, London, 
England, 

(67) Cement and Engineering News, Chi- 
cago, 

(68) Mining Journal, London, 

Mill Owners, New York City, 

(70) Review, New York City, 
1 


(71) Journal, Iron and Steel Inst., London, 
England. 
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LIST ARTICLES. 
Bridge. 


Concrete Bridge over the Big Muddy River, Illinois Central Parkhurst, 
Am. (13) Nov. 12. 


The Protection Steel Ballasted Floor Bridges.* (13) Nov. 12. 
Armoured Concrete Foot-Bridge Toulouse.* (12) Nov. 13. 


Bridges the Atchison, Topeka Santa Railway.* (14) 
ov. 


Comparison the Requirements Recent Railway Bridge Specifications. 

Heller. (13) Nov. 19. 


American Bridge Built German Stee] and Launched Shipyard.* Hil- 
dreth. (13) 


The Limits Working Stress Bridges. (12) Serial beginning Nov. 20. 


Eye-Bar and Wire Cable Designs for Highway over the Rhine 
(15) Nov. 20. 


Plant the American Bridge Company.* 


(14) Serial beginning 


21. 

Ballasted Floors the Atchison, Topeka Santa (bridge floors).* (40) Nov. 27. 
The Coatesville Viaduct the Pennsylvania Railroad.* (40) Nov. 27. 
Eye-Bars Cables for Manhattan Bridge. R.S. Buck. (15) 
The Manhattan Bridge over the East River, New York.* (15) Dec. 
Erection the Turtipar Bridge Barges and Cantilever Falsework. 


(14) 
Pont Suspendu Vernaison. sur Léon Griveaud. (35) Nov. 


Ponts Transbordeur.* Leinekugel Cocq. (33) Serial beginning Nov. 21. 

Electrical. 

The Heyland Induction Motor.* Langsdorf. (Paper read before the Engineers’ 
Club St. Louis.) (1) Sept. 

The Electrical Equipment Gold Dredge.* Ralph Montagu. (42) Oct. 

The Cathode Ray Alternating Current Wave Indicator.* Harris Ryan. (42) Oct. 


The Factors Which Affect the Energy Losses Armature Cores.* Walter Esterline 
and Reid. (42) Oct. 


Central Station Economies. Goldsborough and Fansler.* (42) Oct. 
The Legalized Standard Electromotive Force. Henry Carhart. (42) Oct. 
| 


Magnetic Units and Other Subjects That Might Attention the Next Interna- 
tional Electrical Congress. Kennelly. (42) Oct. 

Electric Motors for Centrifugal Pumps and Fans. Aug. Bowie, Jr. 

Efficient Water-Power Transmission Plant.* George Henry, Jr., 
and Joseph Conte. (42) Oct. 

The Proposed Model Wiring Specification. (26) Nov. 

Single-Phase Motors for Traction. Giorgio Finzi. (26) Serial beginning Nov. 

Reversing Motors for Live Rollers.* (22) Nov. 

Recent Developments the Metropolitan Electric Supply Co.’s Installations.* (26) 
Serial beginning Nov. 13. 

the Use Capacities Multipliers Connection with Electrostatic Voltmeters 
Alternating-Current Circuits. and Worrall. (Abstract 
read before the British Assoc. for the Advancement Science.) (26) 

13. 


(26) Nov, 13. 
Unusual Form Capillary Electrometer.* Emile Guarini. (19) Nov. 14. 


Electric Pumping Plant for Beers Consolidated Mines, Kimberley.* (26) Nov. 13; 
(47) Nov. 14. 


Faure Type Accumulators. (19) Nov. 14. 

Distribution Current Three Phase Systems.* Hardie Jeannin. (27) Nov. 14. 

Calculation the Apparent Inductance Armature Coils.* Hawkins. (27) 
Serial beginning Nov 14. 


The Relative Reliability Wireless and Wire Telegraph Systems.* Reginald Fes- 
senden. (27) Nov. 14. 


New Generating Station the Rochester Gas and Electric Company.* (27) Nov. 14. 
Direct-Current Machinery.* Val. Fynn. (26) Serial beginning Nov. 


(42) Oct. 


The Choice Wattmeters. Paul MacGahan. (27) Nov. 21. 

Transposition Telephone Lines: Cross-Talk and Induction.* Frank Fowle. 
stract Paper read before the Assoc. Ry. Telegraph Supts.) (27) Nov. 21. 

Surveys for Electrolysis, and Their Results.* Maury. (24) Nov. 23. 

The Greenhill Electricity Works, Oldham Corporation.* (26) Serial beginning Nov. 27. 

The Edison Accumulator for Automobiles.* Hibbert, Assoc. (Paper 
read before the Inst. Elec. Engrs.) (26) Serial beginning Nov. 27. 

Electricity Manufacturing Plants. McFarland. (Abstract Paper read 

fore the Soc. Naval Arch tects and Marine Engrs.) (14) Nov. 28. 

Testing Alternators under Full Load Waters. (27) Nov. 28. 

Wireless Fire Alarm Signalling Apparatus.* (27) Nov. 28. 

Recent Progress Wireless Telephony.* (27) Nov. 28. 

Large Gas Engine Electrical Plant (27) Nov. 


28. 
The Murphy High Potential Interrupter.* Frederick Collins. (27) Nov. 28. 


Illustrated. 


(Ab- 
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Electrical (Continued). 


Notes Certain Three-Wire Systems.* Mosman. (47) Nov. 28. 
Box Electric Rock Drill.* (68) Nov. 28. 


New Experiments Syntonic Wireless Telegraphy the Italian Navy. (19) Nov. 


Central Electric Power Plant the Coal-Mining Department the Delaware, Lacka- 
wanna Western Railroad Co., Scranton.* H.M. Warren. (45) Dec. 

Recent Developments Niagara Power.* Buck. (10) Dec. 

Electric Convection. Frank Meyer. (3) Dec. 

Electric Equipment Iron Works. (41) Dec. 

Recent English Alternating Current Machines.* (17) Dec. Dec. 

Montreal, the Greatest Centre Transmitted Power.* Alton Adams. (27) Serial 
beginning Dec. 

Methods Signaling and Operating Telephone Exchanges.* Kempster Miller and 
Charles Winston. (27) Serial beginning Dec. 

Telephone Arthur Abbott. (27) Serial beginning Dec. 

Usine d’Avignonnet sur Drac (Isére). Dumas. (33) Nov. 14. 

des Allemagne.* Guilbert. (36) Serial beginning 

Ov. 25. 
Marine. 


The Economy Large Ships. Robinson, Can. Soc. Vol. 16, Pt. 

The Stone-Lloyd System Ship’s Bulkhead Gear. (11) Nov. 

Oil-Motor Boat for the Uganda Railway Company.* (11) Nov. 

The Carena Dry-Dock, Argentine Republic.* (14) Nov. 14. 

German Marine Boiler Construction. Frank Perkins. (19) Nov. 14. 

The Submarine Boat Protector.* (12) Nov. 20. 

the Maine. (Favorable report Niclausse Water Tube Type. (20) 

26. 

Non-Corrosive Nickel-Steel Boiler Tubes. Albert Ladd Colby, Am. Soc.M. (Paper 
read before the Soc. Naval Archts. and Marine Engrs.) (13) Nov. 26. 

The Concrete Dry Dock Kiel, Germany; Subaqueous Construction Floating 
Pneumatic Caisson.* 


Notes Side-Launchings. Groesbeck. (Paper read before the Soc. Naval 
Archts. and Marine Engrs.) (13) Dec. 


Mechanical. 


The Cost Open-Hearth Steel Affected Using Blast Furnace Gas Gas Engines. 
Peter Eyermann. (Paper read before the Civ. Engineers’ Club Cleveland.) (1) 
Sept.; Abstract (22) Nov. 

Central Station Economies. Goldsborough and Fansler.* (42) Oct. 

Anthracite Gas Producers for Power Purposes. (22) Serial beginning Oct. 

Reactions and By-Product Coke Ovens. (22) Oct. 30. 

Centrifugal Fans. Kinealy. (70) Serial beginning Nov. 

Economizer Discussion. (Fuel Economizers for Power Stations.) Edwin Katte, 
Blackburn, Wm. Downs, Tomlinson and .J. Moulthrop. (65) Nov. 


and Improvements the Stafford Corporation Gas-Works.* (66) 
ov. 


New Percussive Drill.* (22) Nov. 

Air Gas. (12) Nov. 

Circulation Water-Tube Boilers.* (12) Nov. 

Hammers Used Die-Forging. (11) Nov. 

Reversing Motors for Live Rollers.* (22) Nov. 

Steam and the Steam Engine. John Batey. Paper read before the Bir- 
mingham Assoc. Mech. Engrs.) (22) Nov. 

Carbonizing Larger Charges Coal. Ries. (62) Nov. 12. 

Machine for Sinking Screw Piles.* (20) Nov. 12. 

Dunlop’s Self-Contained Self-Regulating Gas Plant.* (47) Nov. 14. 

Pickling (47) Nov. 14. 

Different Gases Gas Engines. Alfred White. (Lecture delivered before the Amer. 
Gas Light Assoc.) (24) Nov. 16. 

The Pitting Rust W.H. Birchmore. (24) Nov. 16. 

Station M’Gee. (Paper read before the Iowa State Elec. Light 

ssoc.) (24) Nov. 16. 

The Economic Advantages Working Carburetted Water-Gas Plant Conjunction 
with Coal-Gas Plant. Carpenter. (Paper read before the Southern District. 
Assoc. Gas Engrs. and Mgrs.) (66) Nov. 17. 

Twenty Ton Breakdown Crane.* (12) Nov. 20. 

Pierson’s Gas-Producer.* (11) Nov. 20. 

New Feed-Water Regulator.* (12) Nov. 20. 

Speeds and Gearing Machine Tools.* Vernon. (Paper read before the Man- 
chester Assoc. Engrs.) (47) Nov. 21. 

Requirements Machine Too] Operation, with Special Reference the Motor Drive.* 
Day. (Abstract Paper presented before the Elec. Soc.) (18) 

Ov. 21. 


The Ambridge Plant the American Bridge Company.* (14) Serial beginning Nov. 21. 
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Mechanical (Continued). 


The Hot Water Meter for Evaporative Tests Boilers.* John Drew. (14) Nov. 21; 
(20) Nov. 19; (70) Nov. 

Flow Gas Long Pipes and under High Pressures. Nov. 24. 

The American Separately Fired Superheater.* (20) Nov. 26. 

Motors Required Drive Power Presses. (20) Nov. 26. 

The Wagner Cold Sawing (20) Nov. 26; (62) Nov. 26. 

Seamless Steel Tanks Pressed from Plates.* (20) Nov. 26. 

The Use Compressed Air for Operating the Contractor’s Plant the Wachusett 
Dam.* (13) Nov. 26. 

Non-Corrosive Nickel-Steei Boiler Tubes. Albert Ladd Colby, Am. Soc. (Paper 
read before the Soc. Naval Archts. and Marine Engrs.) (13) Nov. 26; Abstract 
(20) Nov. 26; (40) Nov. 27. 

Four-Stage Air Compressor for 850-Lbs. Pressure.* (13) Nov. 26. 

Apparatus for Measuring Gas Leakage.* Emile Guarini. (13) Nov. 26. 

Band Brakes.* Bickford. (12) Nov. 27. 

Notes the Arrangement and Construction Steam Pipes and Their Connections.* 
Robert Monteagle. (Paper read before the Soc. Naval Archts. and Marine 
Engrs.) (13) Nov. 26. 

Centrifugal Pumps.* Thomas Stanton. (Paper read before the Inst. Mech. 
Engrs.) 27. 

The Hydraulic Plant for Drawing Steel the Imperial Arsenal, Osaka, Japan.* 
Gompei Kuwada. (14) Nov. 28. 

Superheated Steam.* F.J. Rowan. (Paper read before the Inst. Engrs. and Ship- 
builders Scotland.) (47) Serial beginning Nov. 28. 

The Science Steam Generation.* Rowan, Assoc. (10) Dec. 

Power for Large Machine Tools.* Charles Benjamin. (10) Dec. 

Heavy Service Lathe.* (12) Nov. 27. 

The Use Fly Wheels upon Machine Tools. (25) Dec. 

Interesting Set Screw Machine Tools.* Willis. (41) Dec. 

Quarter-Turn Rope Drive.* (41) Dec. 

Universal Screw Inches Inches.* (39) Dec. 

Aerial Tramways. Stepben Zomboria. (Paper read before the Amer. Min. Cong.) 


Dec. 
Coal Washing the Stewart System.* David Blakey. (45) Dec. 


Washing Montana Coal.* (45) Dec. 


The Thwaite Blast Furnace Gas Cleaning Plant.* (20) Dec. 

The Tindel-Morris High Cold Saw.* (20) Dec. 

The Westinghouse Blowing Engine.* (20) Dec. 

Steam Pipes and Their Connections.* Robert Monteagle. (Paper read before the 
Soc. Naval Architects and Marine Engrs.) (20) Dec. 

Alcohol Motive Power. (From the Fr. Boudouard, Revue Chimie 
Industrielle.) (19) Dec. 

System Handling Sand Mechanically for Cyanide Vats.* Charles Butters and 


Crank. (Abstract Paper read before the Inst. Min. and Metal.) (16) 


The Lebaudy Airship.* (46) Dec. 
Simple Superheater.* (17) Dec. 
Crane with Double Cantilever Bridge.* (13) Dec. (20) Dec. (14) 


Dec. 
the Northampton Portland Cement Company.* Richard Meade. (14) 


Concrete Gasholders. (24) Dec. 

Appareil Electrique pour Déchargement des Cornues (34) Nov 

Essai des Canalisations parla Fumée. (35) Serial beginning Nov. 

Récentes Expériences sur l’Aviation.* (33) Nov. 

Nouveau Type Machine Vapeur. (36) Nov. 10. 

Appareil Auto-Régulateur Tirage des Foyers des Chaudiéres Vapeur.* 
Noalhat. (36) Nov. 10. 

Emploi Economique des Moteurs Gaz Pauvre.* F.Gramyr. (36) Nov. 10. 


Petin. (33) Nov. 14. 


Machine pour Travail des Hélices.* (33) Nov. 14. 
Metallurgical. 


The Cost Open-Hearth Steel Affected Using Blast Furnace Gas Gas Engines. 
Peter Eyermann. (Paper read before the Civ. Engineers’ Club Cleveland.) (1) 
Sept.; Abstract (22) Nov. 

Use Thermite Gaining Metals. Palmer Caldwell. (62) Nov. 12. 

Preventing Pipes and Blow Holes Ingots and Castings. F.C. Weber. (20) Nov. 12. 

Blast Furnace with Continuous Flow Metal.* (20) Nov. 12. 


Brief Study the Ferro Metals and Their Electrical Manufacture. Auguste 
Rossi. (20) Nov. 12. 


Rail Welding.* Hans Goldschmidt. (17) Nov. 14. 


Refining. Wilder Bancroft. (Abstract Paper read before 
the Amer. Electrochemical Soc.) (16) Nov. 14. 
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Metallurgical (Continued). 


Lead Smelting Spain.* Hjalmar Eriksson. (16) Nov. 14. 

Grinding Machines Used Kalgoorlie. Simpson. (Abstract Paper read 
before the Inst. Min. and Metal.) (16) Nov. 14. 

Manganese Ore Desulphurizing Agent the Foundry. (20) Nov. 19. 

The Analysis High Speed Steels. Nov. 

The Gold from Cyanide Solutions. Caldecott and John- 
son. 21. 

Merton’s Furnace.* Danvers Power. (16) Nov. 21. 

Australia.* Evan Simpson. (Paper read before the Inst. Min. and Metal.) 
(68) Serial beginning Nov. Abstract (16) Nov. 21. 

Manufacture Sound Casting Means Thermit. (62) Nov. 26. 

Consumption Zinc Cyanide Plants. Walter Virgoe. (Abstract Paper the 
Journal the Chemical, Metal. and Min. Soc. South Africa.) (16) Nov. 28. 

The Ferraris Ball Mill (an ore-crushing mill).* Walter Renton (16) Nov. 28. 

Note the Microstructure Steel. James Howard. (62) Dec. 

Slimes Process the Consolidated Mercur Gold Mines.* George Moore. (16) Dec. 


Military. 
The Hydraulic Plant for Drawing Steel Shells, the Imperial Arsenal, Osaka, Japan.* 
Gompei Kuwada. (14) Nov. 


Perfectionnements Réalisés dans les Armes Chasse.* (33) Nov. 


Stabilité des Poudres des Divers Explosifs Base Nitrocellulose. (33) 
ov. 


Mining. 


Some Notes Certain Underground Hoisting Problems the Witwatersrand. 
Pierce. (42) Oct. 

The Electrical Gold Dredge.* Ralph Montagu. (42) Oct. 

Notes Coal Cutting Machinery. A.Simon. (Paper read before the South Stafford- 
Worcestershire Inst. Min. Engrs.) (22) Oct. 30; (57) Nov. 

ov. 

The Lindeman New Electric Safety Lamp with Chelin Accumulators.* (22) Nov. 13. 

Electric Plant for Beers Consolidated Mines, Kimberley.* (26) Nov. 13; 
(47) Nov. 14. 

and Steel Shaft House for the Oliver Iron Mining Co., Ely, Minn.* (13) 

19. 

New Endless-Rope Haulage Plant Tennessee Coal, Railroad Co. Alabama. 
Erskine Ramsay. (45) Dec. 

Coal Washing the Stewart System.* David Blakey. (45) Dec. 

Washing Montana Coal.* Schaefer. (45) Dec.. 

Lining Shafts with Concrete and Expanded Metal (shafts mines).* (45) Dec. 


Aeria Stepben Zomboria. (Paper read before the Amer. Min. Cong.) 


Railroad. 


‘The Construction the Great Northern Railway Canada, 1899-1900.* Shanly, 


Competition Steam vs. Electric Parallels. Davis, Can. Soc. (5) 
Vol. 16, Pt. 


Concerning Leaky Fireboxes. T.S. Reilly. (61) Oct. 20. 
for Boiler Tubes. (61) Oct. 20. 
Carriage Bogie: Great Western Railway.* (21) Nov. 
Electricity Railway Signalling. (21) Serial Nov. 
Wagons. (Drawings and Specification James Holden, Inst. 
(21) Nov. 
and 3rd Class Composite Dining Carriage: Great Northern Railway.* (21) Nov. 


Some Notes Steam. Walter d’Alton, Inst. E., and 
John Mannheim. (12) Nov. 


Heavy Goods Engine for the Bengal Nagpur Railway.* (12) Nov. 

The Use Three-Position, Separate Home and Distant and Overlapping Automatic 
Block Signals. (Report Committee the Ry. Signal Club.) (13) Nov. 12. 

Gondola Cars for the Chicago, Burlington Quincy Ry.* 
ov, 12. 

The Use Distant Signals Plants. (Report Committee the Ry. 
Club.) (13) Nov. 12. 

Fish Car for the Great Central Railway England.* (40) Nov. 

Two-Cylinder Compound Locomotives for the Wabash.* (40) Nov. 13. 

(Report committee the Ry. Signal Assoc.) (18) Nov. 21; (40) 

ov. 

Automatic Signals for Single Track. (Report committee the Ry. Signal Assoc.) 
(18) Nov. 21; (40) Nov. 13. 

Tandem-Compound Consolidations for the Southern.* Nov. 13. 

Notes from the Middletown Shops the New York, Ontario Western.* Nov. 13. 
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Railroad (Continued). 


Electrically-Operated Roundhouse Turntables.* Frank Perkins. Nov. 

Alumino-Thermics and Rail Welding.* Hans Goldschmidt. (17) Nov. 14. 

the Chicago, Milwaukee St. Paul Railway, West Milwau- 

(14) Nov. 14. 

Manhattan and Weehawken Shafts the Pennsylvania Railroad Tunnels under the 
North River.* (14) Nov. 14. 

The Railway Landslide Cleveland.* (14) Nov. 14. 

Compressed Acetylene for Lighting Railway Cars. (Abstract Paper 
read before the International Acetylene Assoc. Chicago.) (18) Nov. 

Recent Progress the Design Locomotive Front-Ends. Goss, Am. Soc. 
from Paper read before the Club.) (13) Nov. 19; (15) 

ov. 

The Railway Tie Question. (From report the proceedings the annual convention 
the Roadmasters’ and Maintenance Way Assoc.) (13) Nov. 19. 

Eight-Wheel Passenger Locomotive for the ’Frisco System.* (40) Nov. 20. 

Locomotive Repair Shops Danville, (40) Nov. 20. 

The Stack Problem.* (40) Nov. 20. 

Extensions the Buffalo Susquehanna Railroad.* Elisha Walker. (14) Nov. 21. 

The Oaklawn Shops the Chicago Eastern Illinois Railroad.* (14) Nov. 21. 

Direct-Current Traction 1,200 Volts France.* (27) Nov. 21. 

Steel-Frame Side-Door Suburban Cars; Illinois Central R.* (13) Nov. 26. 


The Testing Plant the Pennsylvania the St. Louis Exposition. 
(13) Nov. 26. 


The Locomotive Testing Plant St. Louis. (40) Nov. 27. 
Ballasted Floors the Atchison, Topeka Santa (bridge floors).* (40) Nov. 27. 
The Type Tandem Compound.* (40) Nov. 27. 


Western Track Elevation Newark and Harrison, J.* 


Hudson River Tunnel the New York Jersey Railroad.* (15) Nov. 27. 

Freight Business Electric Railroads. (15) Nov. 27. 

Requiremerts for Tank Cars Running Over the Pennsylvania Lines. (15) Nov. 27. 

Automatic Signalling the District Railway.* (12) 27. 

New M.S. Yards Elkhart and Collinwood.* (18) Nov. 28. 

Some Experiments with Stacks and Exhaust Pipes.* Symington. (Abstract 
Paper presented before the Richmond Ry. Club.) (18) Nov. 28; (47) Nov. 28. 

The Essentials Modern Railway Paint Shop. (Abstract Paper presented before 
the Ry. Club Pittsburg.) (18) Nov. 28. 

Electric Traction for the New York Central Railroad.* (27) Nov. 28; (17) Nov. 28. 

The Latest Work Zossen.* (27) Nov. 28; Nov. 28. 

The Vienna Metropolitan Railway.* Emile Guarini. (19) Serial beginning Nov. 28. 

Multi-Cylinjer Locomotives.* (10) Serial beginning Dec. 


the Design Locomotive Boilers and Fireboxes.* Chas. Lake. 
Dec. 


Railway Making China.* Thos. Reid. (9) Dec. 

New Passenger Locomotive: Wabash Railroad: 4-4-0 Type.* (25) Dec. 

Heavy Locomotive: Lake Shore Michigan Scuthern Railway: 2-8-0 Type.* 

Powerful Passenger Locomotive: 4-6-2 (Pacific) Type: Atchison, Topeka Santa 
Railroad.* (25) Dec. 

Four-Cylinder Compound Locomotives. Alfred (25) Dec. 

Hydraulic Drop Table.* (25) Dec. 


Switching Locomotive—Great Northern (39) Dec. 


Steel Gondola Cars the Chicago, Burlington uincy Railway.* (39) Dec. 

Railroad Shop Tools.* Charies Fitch. (39) Dec. 

The Trend Locomotive Proportions.* (39) Dec. 

The Washington Union Station.* Dec. 

Pennsylvania Railroad’s Testing Plant St. Louis. (15) Dec. 

The New York Central Wrecking Outfits.* (15) Dec. 

Delaware, Lackawanna Western Railroad Improvements Newark and Harrison, 
William Spiers. (40) Dec. 

Tandem Compound Locomotive—Russian Empire Railways.* (19) Dec. 

Rebuilding Long and High Wrecked Trestle.* (14) 

Locomotive Repair Shops the R., McKees Rocks, Pa.* (18) Serial 
beginning Dec. 

Some Tunnel Work the Pittsburg, Western (18) Dec. 

Locomotive Proportion. Caswell. (18) Dec. 

Note sur Application Générale Chauffage des Trains par Vapeur Com- 
primé Combinés sur Réseau (38) Nov. 

Automotrices Essence Daimler) des Chemins Fer Wurtem- 
berg. Fischer. (38) Nov. 

Electrique Voitures Automotrices Chemin Fer Valteline.* 

34) Nov. 
Les Récents Agrandissements des Gares Région Nord Berlin.* (33) Nov. 
Transport par Chemins Fer des Blessés Malades Militaires.* (36) Nov. 25. 
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Railroad, Street. 


The Multiple Electric Railway System. (26) Nov. 
Brussels Electric Tramways.* (26) Nov. 

The Repair Shops the St. Louis Transit Company.* (17) Nov. 14. 

New York City Transportation—A Look Ahead. (15) Nov. 20. 

Cincinnati Interurban Development.* (17) Serial beginning Nov. 21. 

The Heating Railway Motors.* Dodd and Canfield. (17) Nov. 21. 
Melting Sleet Third Rail. W.A. Del Mar. (27) Nov. 21. 

Trackless Trolley Experiments Scranton, Pa.* (27) Nov. 21; (17) Nov. 14. 
Triple-Expansion Engine for Newcastle Tramways.* (11) Nov. 27. 

Sleet-Cutting Machines Adopted for Manhattan.* (17) Nov. 28. 

New Electric Buffet Car.* (17) Nov. 28. 

Standard Bottom framing Brill 30-ft. 8-in. Semi-Convertible Car.* (17) Nov. 28. 
The Metropolitan Railway Paris.* PaulLetheule. (9) Dec. 

Motors Brakes.* Cale Gough. (17) Dec. 

The System the Camden Suburban Railway Company.* (17) Dec. 
Reconstruction Olive Street Tracks St. Louis.* (17) Dec 

Brill Sweepers for the Metropolitan Street Railway.* (17) Dec. 

Single-Phase Motors for Traction.* (27) Dec. 

New Motor-Car Equipment the Central London Railway.* (27) Dec. 
Isolateur Interrupteur pour les Lignes Electriques Aériennes.* (33) Nov. 21. 

Traction Electrique des Trains Grande Vitgsse. Emile Dieudonné. (36) Nov. 25. 


Sanitary. 
Sewage Disposal. Chas. Rust, Can. (5) Vol. 16, Pt. 


Sewerage and Drainage the Blair Building, New York.* (70) Nov. 
Heating Country Residence Steam Boiler and Warm Air Furnace.* (70) Nov. 


and Ventilation the American Blower Company’s New Office Building.* (70) 


for Sewer beneath the Cochituate Aqueduct.* Kimball. (14) 
ov. 


Winter Treatment Sewage Beds. (14) Nov. 14. 

Biological Purification Sewage Water.* (19) Nov. 14. 

Method and Cost Constructing Concrete Sewer Having Brick Arch Medford, 
Mass.* (13) Nov. 19. 

Sixty-Fourth Street Sewer Tunnel, Brooklyn.* (14) Serial begin- 
ning Nov. 21. 

Prevention Contagion Passenger Cars. (15) Nov. 20. 

Désinfection des Navires des Marchandises. Carles. (Abstract Report 
Prof. Proust and Faivre.) (36) Nov. 10. 

Transport par Chemins Fer des Blessés Malades Militaires.* (36) Nov. 25. 


Structural. 


Data and Notes Derived from Tests Cement and also Concrete Taken from Reg- 

Used Actual Works.* James Costigan, Can. Soc. (5) 

Quantity Water Use Gauging Mortars. Frederick Taylor and Sanford 
Thompson, Assoc. Am. Soc. (67) Nov. 

Obtaining the Tensile Strength Cement.* Arthur Johnson. (14) 

ov. 

Effect Clay and Loam Cement Mortar. (13) Nov. 19. 

Locomotive Repair Shops Danville, (40) Nov. 20. 

Ferroinclave Steel-Concrete Fire Proof Building Material. (20) Nov. 26. 

Roofing, Existing While Work Proceeding.* Fowler. (Paper read 
before the Inst. Mech. Engrs.) (11) Nov. 27; (12) Nov. 27. 

Armored Concrete Building for the College Music, Cincinnati.* (14) Nov. 28. 

Mixing and Placing Concrete.* Samuel Lea, Am. Soc. (45) Dec. 

The Production and Transportation the Granite Columns for St. John’s Cathedral, 
New York City.* (13) Dec. 

Underpinning Old Office Building Broadway, New York.* (14) Dec. 

Steel Roof Trusses the Hotel Astor, New York.* (14) Dec. 

The Southern Pacific Elevator, Galveston, Texas.* (14) Dec. 

the Northampton Portland Cement Company.* Richard Meade. (14) 


(35) Nov. 

Water Supply. 


the Measurement Water Small Venturi Meter.* Coker and 
Strickland. (5) Vol. 16, Pt. 


Description Dam and Accompanying Works Built for the Water Commissioners, 
Ont., Springbank.* Heaman, Can. Soc. (5) Vol. 16, 


Efficient High-Pressure Water-Power Transmission Plant.* George Henry, Jr., 
and Joseph Conte. (42) Oct. 

Covering Old Reservoir Brookline, Mass. Winslow. (13) 
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Water Supply (Continued). 


The California Method Well Construction for Water Supply.* 
Charles Slichter. (13) Nov. 12. 

Raising Water Compressed Air.* Maxwell, Assoc. Inst. (Paper 
read before the British Assoc. Water-Works Engrs.) (11) Nov. 

New Generating Station the Rochester Gas and Electric Company.* (27) Nov. 14, 

Mountain Water Company’s Reservoirs, Dams and Pipe 
(14 ov. 14. 

Present Types Steam Turbines. (Abstract Paper read before the 
Cotton Mfrs. Assoc.) (18) Nov. 14. 

Tangential Waterwheel Efficiencies: Being Experimental the Rela- 
tive Values Different Bucket Shapes.* George Henry, 


(Paper read before the Pacific Coast Elec. Transmission Assoc.) (19) Serial 
beginning Nov. 14. 


The Production and Uses Ozone.* (12) Nov. 20. 

The Water Supply the Lackawanna Steel Works.* (14) Nov. 21. 

Hydraulic Features the Plant the Niagara Falls Power Company.* (14) Serial 
beginning Nov. 21. 

Changes the Settling Basins and the New Hydraulic Dredge the St. Louis Water- 

orks.* Wall. (13) Nov. 26. 

The Staines Reservoirs and Aqueducts the London Water Works.* (14) Nov. 28. 

Recent Developments Niagara Power.* (10) Dec. 

The Water Powers British Columbia.* Jacobs. Dec. 

The Use Sulphate Iron Lorain (for filtering water). Arthur Brown. (14) 


Dec. 

Water Meter.* Freeman Weston Hood and Henry Worthington. (14) 
Yec. 5. 

Montreal, the Greatest Centre Transmitted Power.* Alton Adams. (27) Serial 
beginning Dec. 

The Grove Reservoir the Newark, J., Waterworks.* (14) Serial beginning 


Dec. 
Les Puits Filtrants Leur aux Grands Débits Permanents.* Th. Verstrae- 
ten. (31) Série, Tome II. 


Usine Hydro-Electrique d’Avignonnet sur Drac (Isére).* (33) Nov. 14. 
Waterways. 


Electric Towing the Erie Canal.* (27) Nov. 14. 
Electric Traction Canals.* (14) Nov. 14. 

Trolley Traction the Miami Canal.* (27) Nov. 14. 
Erie Canal.* (17) Nov. 14. 
Other Ship Canals than Panama. (46) 


Nouveau Proj Loi sur National Amélioration des Voies Navigables 
des Ports.* Paul Léon. (33) Serial beginning Nov. 
Bruxelles Maritime.* Emile Guarini. (36) Nov. 25. 
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THEORY THE SPHERICAL DOME WITH 
HOMOGENEOUS SURFACE, AND THE 
FRAMED DOME; ALSO NOTES THE 
CONSTRUCTION MASONRY 
AND METAL DOMES. 


PRESENTED JANUARY 6TH, 1904. 


this paper the writer presents what believes original 
information regarding which little nothing has ap- 
peared American engineering literature, far has been able 
ascertain. has endeavored, also, set out plainly the 
between the principal stresses domes, and their magnitude; and, 
further, acquaint American engineers with method framed-dome 
construction, simple theory, and rational execution. 

Large domes this kind exist this country, presumably few 
instances, perhaps one instance only, the present time, 
the dome the Library Congress, Washington, C.* 

papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
ina uent number Proceedings, and, when finally closed, the papers, with dis- 
cussion full, will published Transactions. 

structural design for this dome, consisting outer and inner shell, was 
gested and computed the writer under the direction Gen. Thomas Lin- 


immediate harge. 


No. 10. 
| 
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The formulas for the stresses homogeneous domical shell, 
deduced Dr. Robison, Schwedler, and Rankine, leave their separate 
origin and related actions obscure, not only their deduction, but 
also for the reason that they are cloaked the abominable trigo- 
nometrical 

Domes all forms and shapes, constructed all kinds material, 
have been executed both ancient and modern times. the case 
the older masonry domes, their execution was looked upon con- 
temporaries venturesome undertaking, experiment inspiring 
awe and creating feeling uncertainty their future behavior. 
Later, praise and admiration were the reward for these bold and 
courageous designers. Modern designers should feel similarly inclined 
toward the old masters. The domes they built stand to-day. The Pan- 
theon, the Santa Sophia, the dome Florence, the dome St. Peter’s: 
structures, have chance execute which, nowadays, would 
considered any engineer honor gratifying his professional 
ambition high degree. 

There doubt that the old masters knew, only general 
way, what they were doing when they built their large domes. This 
may surmised from nature the reinforcements applied 
these structures one time another. The nature the weak 
dome was not known positively them. 

Some engineers have designed, are designing, domes princi- 
ples similar those used the investigation the cylindrical vault; 
others treat the ribs (across the diameter) framed dome three- 
hinged arch. Both methods are incorrect. Correct principles were 
worked out some seventy years ago. 

While this paper does not attempt cover all that can said 
the subject domes, enough will given enable designer 
handle problem with intelligence. this respect, the writer be- 
lieves the first suggest method arranging the 
coursing masonry domes away with the defects expe- 
rienced the past, and, perhaps, give new impetus for the execu- 
tion that monumental feature architectural and engineering 
design, which has been avoided, not much because its cost, but 

The use these functions practical working formulas, the writer bold say, 
isan annoyance. reduced co-ordination and rectification, the conception the 
problem becomes clearer, involving the whole structure, were, more being 


with some life than mere mathematical expression. number examples illus- 
trating this could presented. 
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because its stability has been distrusted. This, the writer believes 
can overcome with the methods proposed. 

stating first some propositions relative the subject, what 
follows will understood more readily. 

upon circular ring, there acts uniform radial 
pressure, either inwardly outwardly, then the stress per unit 
length circumference, and for unit length cross-section the 
ring, will equal product the 


unit pressure the number unit 
lengths the radius curvature the 
ring. Fig. let 
ence (for small angles its chord 
assumed have the same 
the unit pressure thereon; 
produced thereby. 


Forming the triangle forces, shown the top 
the following proportion proves the proposition: 
Surface Properties sphere has radius, and 
each square unit its surface weight, then the weight, any 
(complete) zone the sphere, having height, will be: 


zone unity height, then: 


Considering now spherical sector, having base equal unity 
the equator; then spherical square the same sector parallel, 
having (at the base the square) the radius, has weight of: 


If, however, the length the base the square, the elevation, 
unit length, then the weight, becomes: 


7 
‘ W= Ro A 
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When the zone not unit height, but such that its length, 
the direction the meridian, becomes unity, then the weight the 
spherical square (see Fig. will be: 


| 


W=p 


Therefore, the weight spherical square, 
any parallel having base and meridional 
height equal unit measure, will 


(6) 

The main subject will divided, purposely, into four cases, 
shown and explained Figs. 4,5 and are the 
fundamental ones. combining the effective stresses these, the 
other two are solved. will then seen that, any 
complete sphere, three forces are active, and thus the place can 
found where the weak part masonry domes exists. 

Case the stress the crown ring. This stress, 
can inferred, always compressive one. 

Case the base the dome, the tangential, 
meridional thrust, always acting downward compressive stress, 
Determine, also, for the same place, the circumferential ring stress, 
This, the bed-joint dome, always tension. 

Case Cases and II, and the stresses any point 
full hemispherical dome can obtained. 

Case IV.—By combining Cases and properly, the stresses 
the crown and base rings can found, and also those any inter- 
mediate point between the two, truncated dome. 


MAGNITUDE THE STRESSES. 


Case stress per unit length meridian, and per unit 
length circumference, the crown ring found forming the 
triangle forces, with the known quantity, Equation and 
shown Fig. comparing this with the similar triangle, com- 
posed the dimensions the sphere, and h,, gives the 
proportion: 


| 
q 
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the proposition and Equation 
the ring stress, the crown ring is, 
therefore: 
the elevation the crown ring above the 


(under circumstances imaginary) equa- 
torial base the dome. 


other force but this exists around TRUNCATED DOME 


Opening Elevation above the 
the top open dome, except when Equatorial Base 
superimposed load, that balustrade 


lantern, placed top the crown ring, which arrangement 
adopted most the more modern domes. 

Case the base any dome, two principal stresses exist, and 
must balance each other: The tangential meridional thrust, and the 
horizontal ring stress, the bed-joint the base, and which 


would burst the shell open not taken care the tensile strength 
the material which the dome 


constructed, some auxiliary 
means therein, metal ring hoop. 
Both stresses are naturally due the 
weight, the dome. With this 
weight (see Equation 2), the triangle 
forces, and formed (as shown 


Fig. 4), and compared with the tri- 


form the proportion: 


Case II—CLOSED DOME 
Base Elevation above the Equator 


u 
Substituting for its value, gives: 


reckoned per unit length circumference, and for one unit length 


along the meridian, then, for equilibrium around the entire base 
the dome: 


This formula applicable, whatever may the shape the dome. 


hu 
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and with reference the value just found: 


Vu 


from which, 


The value, thus far, has been considered the sum total the 
meridional tangential thrusts all around the base the dome; 
also reckoned per unit length the circumference the base, 
and designated then 

and, with reference the value 


u 
Thus seen that the ring stress, any point around the 


circumference the base dome, the same magnitude, 
intensity, per unit length, the tangential meridional thrust, for 
the same circumferential length; they are opposite character, 
however, being always compressive, and tensile stress, 

Assuming the minus sign indicate tension, and the plus sign 
compression, and can expressed making first the following 
substitutions Equations and 13: 


Case assumed that the closed dome Case 
such that when placed top the open dome Case they, 
together, form complete half sphere, 
full dome (Fig. 5), the stresses 
any parallel, latitude, having 
radius, and elevation, above 
the equatorial base, will (adding 


Equations and 14): 
A=+ 


Equatorial Base 


and 
2 


HALF 


a 
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Special values and are: 
the crown, the pole, where 


A=+ compression; B=— Rp, nowtension... (17) 

Equation 15, for the ring stress, shows composed 
negative and positive term, due the upper and lower part the 
dome, respectively, and reference the parallel question. 
Observing also, just shown, that passes from compression 
the pole, tension the equator, can concluded that there 
other words, where the two terms become equal. Therefore, putting 


and solving for found that 


For the angle from the vertex, for which becomes zero, 


This point, called the principal joint rupture. 
can therefore said: The parallel elevation 0.618 above 


the equatorial base divides the surface full dome into two parts, 


such that all parts above are compression all directions, while 
the lower part compression and tension.. The meridional 
stress compressive thrust, the ring stress tensile one, begin- 
ning with nothing the joint rupture until the base reaches 

This fact ring stress existing all courses below the 
joint rupture, has made the (brick) masonry dome failure, and 
will continue failure unless the coursings (of stone) are designed 
that they can transmit tension. the other hand, 
emphasized that any masonry dome extending from the pole 
further than the point rupture safe and stable any other 
construction designed cover space, for instance roof truss 
floor, provided there placed around the base ring hoop 
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strong take tensile stress, provided the base 
course designed take such stress. 

Case Truncated Dome.—By combining properly the 
formulas already established, the following two general expressions 
for and for any intermediate point, for the parallel, (Fig. 
6), can derived: 


A=+ 
R 

Regarding the last term the 
bered here, future cases, that Equatorial Base 
expresses the compressive ring 
the sphere which below the paral- above the Equator, 
Therefore, when reaches the lower limit h,, becomes zero 
that term. 

The special values and are: 

crown ring, 


Case IV. —OPEN DOME 


base, 
domes, open the top, special joints rupture exist, and 
occur points below the principal joint rupture, provided the 
base such truncated domes also below that joint. This will 
appear Figs. and 19, wherein the principal stresses have been 
constructed graphically for several cases domes. 
Case V.—For this case, where assumed that additional load 
imposed upon the crown ring per linear unit its circumfer- 
ence, the equations for the principal stresses will also given. Con- 
sidering that crown-ring load, transmitted from the top 
downward becomes distributed over larger and larger circles, the por- 
(Fig. 7): 
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Referring the general term 
for the meridional thrust, 


becomes, this instance, 


cated dome with lantern load, 


Case OPEN TRUNCATED DOME WITH 
will be: 


Special values: 


whence, 


the bottom, elevation, h,, above the equatorial base, 


This concludes the theory the stresses homogeneous spher- 
ical shell uniform thickness, extended somewhat, however, 
what follows. The writer not acquainted with any treatment 
this problem considering other stresses than those determined this 
paper. 

passing now the theory the framed, open-paneled, dome, 
invented and executed Schwedler 1866, was seen that the 
spherical shape the homogeneous dome surface was maintained 
the ring stresses, counteracting, means the tensile strength 
the material the shell, the bursting and splitting action the 
meridional thrust, 


While holds good for the cross-section the crown ring, Equation 
28a holds good for point immediately below the same, being circumferential shear 
the bed-joint the crown ring. 


Rr, 
Rr, 


almost any shape; the prin- 
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suggested itself Schwedler, therefore, that, desired 
construct dome with meridional ribs, was proper arrange 
horizontal rings, tie the ribs together hoops, were. 

Schwedler’s dome can well likened masonry dome, the 
panels taking the places the voussoirs; but, unlike the masonry 
dome, there are open joints 
interruptions the main parts 
making the construction, all 
stresses being transmitted 
structural 
continuously all panel points, 
and designed resist whatever 
kind stresses may come upon 
them, Although masonry domes, 
being also stable structures above 
the joint rupture, and the 
sense that the stones then have 
resist compression only, men- 
tioned before, the lower courses, 
those below the joint rupture, 
are not situated, even the 
base course should reinforced 
hoop proper strength, the 
tendency the courses the ten- 
sion zone split open, along the 
meridians, would still exist. 

Fig. one form Schwed- 
ler dome has been represented. 
From the nature its concep- 


tion, evident that may QUARTER PLAN 


ONE FORM SCHWEDLER DOME 


ciple its once understood, there will difficulty 
working out any special form dome. 

The spacing the ribs and rings, generally speaking, arbi- 
trary matter. When considered, however, that they are intended 
such manner reduce minimum the compound stresses oc- 
curring them they are curved, and, further, that the rings have 
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the function preventing change the form the ribs, certain 
limits the direction the spacing the ribs and rings cannot 
exceeded. The data Table No. taken from existing examples, 
will give some information this question precedent: 


TABLE No. 
Congress. 


With two jack-ribs each main sector. 


the framed dome, other framed structures, the loads are 
assumed concentrated the panel points. The determination 
these loads, indicated Fig. needs further explanation. 

regards the stresses: The ribs are always compression, the 
crown ring, also, always compression, the foot ring always ten- 
sion. the intermediate ring-stresses, not certain. 
Generally speaking, might said that, within 51° 
from the vertex, they are compression, while below this angle they 
might presumably tension. the other hand, can shown 
advance how the loads must distributed increase 
decrease any possible tension compression ring. 

Fig. conceive the topmost zone removed, then the crown ring 
the lower remaining part will compression, and the more 
the more that ring loaded. The lower ring the zone removed, 
however, this zone considered itself, will tension, and 
the more the more the topmost ring loaded. Reasoning 
like manner for any the rings, and the loads that might happen 


come the ring zones above them, the following laws, governing 


ring and rib stresses, can formulated: 

1.—The top and bottom rings are stressed most under maximum 
loading. 

2.—Likewise the ribs. 

3.—In the intermediate rings, the greatest compression, any, will 
take place when the ring itself heavily, and all rings above it, 
lightly, loaded. 


| 
| | 
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the greatest tension therein, any, the reverse loading 
holds good. 

5.—In reference any ring, loads zones below not affect 
the stresses any member the dome located above the ring 
question. 

6.—Any zone, from the top downward, may removed, without 
disturbing the integrity the remaining part the dome. 

—Inversely, the dome may conceived built placing 
zone upon zone, until completed. 

Under the guidance these rules, the following set formulas, 
drawn reference the diagram Schwedler dome shown 
Fig. need but little further explanation. 


ELEVATION RIB 


DIMENSIONS ETC. 


Radii and elevations. 


4 
q 
Angles and functions. 
Tf =f = 
| 
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Fig. some the dimensions and refer the middle 
the panel lengths the main ribs, except For practical 
purposes, scale and etc. 

The ribs have each equal panels; this example. 

Circumscribed radius 


Stresses the Ribs. 
Panel Point Fig. 10, the forces, the two ring forces, P,, 
and the thrust the rafter, must balance. Resolving for vertical 


direction: 


Panel Point 


Panel Point 
Generally PANEL POINT 


Stresses the Rings Under Dead Load. 


Panel Point for hori- 
zontal direction, and considering that 
the resultant the two ring forces, 
gives for equilibrium, Fig. 10, and 


ELEVATION 


However (see Fig. 10, plan, and Fig. PLAN 
12, plan foot ring), since 


| q 

1 
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360° 


found that 


tions 34, 


P, = Zsin. e [ (L, L,) cotan. KE, I, cotan, | 


Panel Point 


Foot Ring.—See Fig. 13. 


PLAN FOOT RING 


PANEL POINT 


~ 


Sides Polygon 
Each=2 Rosin. e=b 


ELEVATION 


Panel Point Fig. 11, with reference the values, Equa- 


| 
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Dead Load. 


Referring Fig. 14, upper part, lay off from JV, the loads 


L,, and form the force polygons for each panel point, 


Panel Point 
Panel Point 


Panel Point 


Panel 


The ring stresses can now found resolving them from their 
respective resultants, H,, H,, H,,, shown the upper part 
Fig. 14. 

The exact nature the stresses determined knowing that the 
crown ring always compression, and that this indicated the 
plus sign. the graphic method, should remembered that any 
force acting toward panel point indicates compression, while the 
opposite action indicates tension. Further, that, the triangle 
forces, the resolvents have their arrows, indicating the sense the 
force, running the opposite direction the arrow the resultant. 
Proper care taken transpose these arrows from the force 
polygon the respective members the framework and vice versa. 


Thus, the example, found that all the rings, except the crown 
ring, are tension. 


1114 
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Continue 
To Inter- 
‘Py section 


Ring Stresses, P, are located in the 
Horizontal Plane; D, etc., and 7, in 
the Vertica! Plane. 


i< 
3 
§ 
Base 


Live Loads. 


1115 


Let designate the combined vertical components 
the wind- and snow- loads the respective panel points, then the 


maximum-compression, and maximum-tension stresses, which may 
possibly take place the rings, due these loads, will shown 


Table No. 


| 
» 
a 
r | 
e 
e 
7 
F 


1116 SPHERICAL AND FRAMED DOMES. 


TABLE No. 


Maximum compres- 


Maximum tension stress. 
sion stress. 


( + 2+ + m— ) 
b ] 


Equations 36, etc. 


These results must combined with the stresses found previously 
for the dead load. 

For the rib stresses and the top and bottom rings, separate 
formulas are needed, maximum load affects them most. will 
best include the live loads once with the loads, both 
the analytic and graphic determination the stresses these 
members. 
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Diagonals have been shown all the panels Fig. For the 
dead load, none are required. the effect the live load, 
Schwedler proposed the following approximate solution: 

two adjacent ribs, consider one only loaded with the 
loads, etc. Determine the rib stresses for each panel, and, 
for the several panels, assume this the shearing force acting 
one the diagonals. The other diagonal will take like amount 
stress. 


Let d,, angles formed the diagonals with 


the rib-panel members, and D,, D,, D,, the stresses 


the diagonals; then, the length rib panel, and the length 


D, = sin. K, cos. or D, = — (Q, + a) 
Similarly, 


the graphic method, the diagonal stresses are found 


developing dome sector with its panels. With the known rib-panel 


stresses, triangles force can formed for each panel 
point. 

The fundamental for- 
mulas derived for the 
spherical dome with 
homogeneous shell 
uniform thickness hold 
good for domes any 
other shape and vari- 
able thickness, provided 
the proper substitution 
the values for and 
made therein. 


remembered that, the 


Base 


DIAGRAM SHOWING METHOD DETERMINING 

fies the weight per square 


q 
§ 
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unit shell, and for that part it, only, which located just below 
particular parallel latitude; whereas represents the weight 
the dome sector above that parallel. therefore, not related 
the now variable weight, the same manner the case 
the spherical dome uniform thickness. 

Concerning the Schwedler dome, those desiring more information 
are referred existing literature, wherein the framed dome treated 
indetermined structure, and wherein inclined loads are 
also considered. The writer believes that Schwedler’s static method, 


given this paper, accurate enough for all practical purposes. 


Yo, 
| 
| 


DIAGRAM FOR STRESSES FULL DOME FOR 


For instance: 
Below the Joint Rupture: 
Measure the stresses over the extent the light and heavy 
radi-ordinates. 
Above the Joint Rupture: 
Measure the stresses over the extent the light lines only. 
The stresses are shown the heavy lines. 


Above the Joint Rupture, compression. 
Below the Joint Rupture, tension. 


q 
7 
7 
7 
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Setting down again the expressions for the principal stresses for 
spherical dome uniform thickness as: 


general: 


Spherical dome: 


2 2 


They can readily produced graphically, shown Figs. 
19. The initial quantity used the construction all the 
diagrams is: 
namely the weight zone-sector having height equal and 
base equal length the equator. 
Fig. 15, the line, 
Fig. 17, for the zone 


Equatorial Base 


DIAGRAM SHOWING CONSTRUCTION THE MAGNITUDE 

THE.A AND_B STRESSES TRUNCATED DOME FOR 

ANY POINT, ALSO FOR FULL DOME THE SAME 
LATITUDE, FOR 
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The construction follows: 

Full Dome. Fig. any point, and the radj-ordinate, 
CX, draw W4, produce right angles CX. Bring down, 
the same radius CX, with center, the height, whence the 
stresses, and have been laid off the radi-ordinate, CX, noted 
the diagram. 


Truncated Domes.—Pro- 
ceed similarly. 

Repeating this con- 
struction for number 
radi-ordinates, the dia- 
grams, Figs. 16, and 
are obtained. 


Examining Figs. and 
19, representing cases THE TRUNCATED DOME, THE HEIGHT 


HAS BEEN CHOSEN ARBITRARILY, 0.618 THAT IS, 
truncated domes, will PRINCIPAL JOINT RUPTURE FULL DOME. 


SEE REMARKS RELATING 16. 
full dome, two zones exist, BELOW JOINT RUPTURE TENSION. 


regards the stresses, 


that is, there exists special joint rupture, above which com- 
pression, and below which Bis tension, provided the base the dome 
elevation less than 0.618 above the equatorial base. 

Entering now upon the question how design stone-masonry 
coursing that may withstand tension, without regard the frictional 
tenacity the bed and the tensile strength the mortar the 
vertical joints, the writer will guided the well-recognized law 
that, all important stone construction high character, other 
material than stone should used connect the parts the 
structure. 

With this point view, three methods constructing the stone 
courses the tension zones masonry domes are suggested, 
shown Figs. 25. 

The demands fulfilled the different parts each stone 
are follows: 

Each circumferential unit length bed must able withstand 
thrust, 

The least cross-section must able withstand tension, 


q 
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Truncated Dome, 

Foot Point Curve 

for (“A” side) 
side 


Curve for 
a full Dome 


Equatorial Base 
h o> R-a 0 


STRESSES TRUNCATED DOME THE HEIGHT 
WHICH AND THE BASE WHICH HAS BEEN 
CHOSEN ARBITRARILY THE ELEVATION THE 


PRINCIPAL JOINT RUPTURE. 
Fia.19 


Fig. note the large increase the stresses, comparison 
with those occurring closed dome; also the corresponding reduc- 
tion the magnitude the stresses. The special point rupture 
determined that radi-ordinate which through the inter- 
section the and curves. 

stresses are light lines (except the base), 

stresses are heavy lines. 

All stresses are compressive, except the stress the base, which 
tension. 

Note that, immediately below the base the dome, becomes 
zero, and that the stress represented the line, the com- 
pressive stress per unit length meridian immediately above the 
bed-joint the base. 


: 
8, 
| / AN | 
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Each tenon must also able take up, the depth its radial 
face, like amount compression. 

Considering that, the base and have the same 
magnitude, and that the tensile strength stones much less than 
their compressive strength, would seem sufficient propor- 
tion the bottom course all its parts for the stress, then all the 
other tension courses will amply strong similarly constructed. 
may be, however, great point economy lessen the depth 
the tenons, from course course, according the decrease that 
takes place the stress, from the base the joint rupture. 
evident that, this joint, stone high tensile strength, 
and above this joint, lighter material, high compressive strength, 
should used. 

The lengths the stones must aliquot parts the circum- 
ference. Use the radial thickness (bed) the courses the unit 
measure. Make the rise the courses equal the bed, and make 
the length the stones nearly possible four times the rise. 

For domes variable thickness, direct solution not practical. 


The problem must solved successive trials, and for each parallel, 


Let required find what diameter half spherical dome 
uniform thickness might have, built with stones having 
Bed and rise ft.; 
Safe tensile strength 


150 per square inch 000 lbs. per square foot; 
Safe compressive strength 


200 Ibs. per square inch 144 000 lbs. per square foot. 
With regard the latter stress, and Equation 17, 


substitute, for 144 000 and, for 164 Ibs., and find 875 ft., 


164 lbs. per cubic foot; 


With regard the tensile strength the stone, however, and 
Equation 
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Joint of Rupture 


PART, ELEVATION OF A DOME 
DESIGNED WITH TENSION COURSES. 


VERTICAL SECTION 


Fie. 


SHOULDERED COURSES. 


TOP VIEW 


BEVELED STRETCHERS CONCEALED BED AND BUILD TENONS 
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110 ft., say, the diameter the sphere 220 ft., only. 
Making the stones the bottom course approximately ft. long, 
the number stones each tension course would be: 
(here for the base course) 


Each stone having two tenons, their number will 


For the compressive stress the radial face each tenon: 


now, the length the tenons being ins., and the safe permissible 
stress thereon 200 lbs. per square inch, their depth will be: 
000 
1200 
Reversing the example, might asked, what must the charac- 
teristic properties stone, that dome certain diameter 
may built therewith 
Let thickness the stone, feet unit measure; 
Let tensile strength per square foot; 
then 
Substituting herein, for its value, and expressing the radius 
the dome terms its thickness, 


’ 


then x 3 =N= Bg x 62 
Since unit (of measure) (see remark just made above), this term 
reduces the general formula: 


Substituting herein, per example, for 000 lbs. per square foot, 
and for the specific gravity the stone, 2.75, 

2.75 
or, other words: stone has the stated characteristics, dome 
constructed therewith may have any radius which does not exceed 110 
times the thickness the stone. 


=110, 


TABLE No. 


THICKNESS. 

Interior Name 
Material. diameter. builder. 


Dome the Opening the Half Marcus Agrippa 


Pantheon. 
diameter. including base. 


Brick below. 115 ft. shell. Thales, and 
Over buttresses, isidorus Milet 


ase. ft. (both Greeks). 


| 


Inner shell: 
139 ft. Egg-form. 
top, ft. Double shell, with (Italian) 


diameter. lantern. Base, ft. thick. 


Santa Maria 
del Fiore. 


Rubbleand brick, Opening the Circular plan. 1513 ichael Angelo 


diameter. lantern. Base, ft. thick. 


Both shells are traversed ribs connecting them along meridians from bottom top. 


| = | 
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Inversely: The thickness dome, under the given conditions, 
ought equal the part its radius. 


For example: With the above stone, dome 660 ft. diameter 

should have thickness 
330 

Much more could said the subject, but the writer will con- 
clude giving, Table No. the approximate dimensions the 
four large domes mentioned the beginning, and, Table No. the 
properties some the principal kinds stone, which material the’ 


writer believes the proper use, least the tension zones 
masonry domes. 


TABLE No. WEIGHTS AND STRENGTHS BUILDING 
STONES, ETC., FROM VARIOUS ALSO THE VALUES THE 
UNIFORM THICKNESS. 


ULTIMATE STRENGTH, PER SQUARE INCH. 
ae 151 7 200 900 675 2 600 1 100 144 
| Ea eae 154 9 600 1 200 900 8 400 1 440 187 
Bluestone 160 11 000 1 375 1 050 4 000 2 300 210 
cement mortar| 000 300 450 500 
150 1 500 425 820 600 500 68 
STRESSES USED THE REINFORCED CONCRETE CONSTRUCTION COMPANIES. 
Safe. Safe. Safe. mate. 


contemplating the construction stone masonry dome, the 
material used ought tested its strength. Table No, 
submitted for general information only. 


q 
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With the exception the dome the Pantheon, the construction 
the other three domes wrong constructive design. 

the Santa Sophia, forty openings are arranged around the base; 
and the case the last two structures the Rib Principle” 
main feature. Both these arrangements are out place the ten- 
sion zone spherical brick-masonry dome. 

While defects exist the dome the Pantheon, ‘the other 
domes have shown fissures and cracks, presumably all below the joint 


rupture, and have had reinforced, least the case St. 


THEORY THE CONTAINING ALL 
OTHER ForMS CASES. 


the first part this paper only the spherical form domes 
was considered. can shown, however, making proper substi- 
tutions the formulas stresses for the pyramoidal dome 
derived, that the spherical, conoidal, conical, fact, all forms 
domes are special cases this general case. 

The ground plan pyramoidal dome, implied the geomet- 
rical name, may any regular polygon. 

Horizontal sections through this dome are all similar figures. The 
roof has usually convex surface toward the outside. One the 
two prime axial sections may assumed govern the design the 


outline, which may circle, circular arc, ellipse, parabola, 
The use regular curve for 


the roof will enable the designer 
produce and compute the various 
dimensions and weights any 
the whole part the surface with 


more ease than the curve arbi- 
trary one. 


Fig. gives idea the appear- 
ance pyramoidal dome. The 
representative example this kind 
dome, and mentioned the first 
part this paper. 


PYRAMOIDAL DOME, 
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The theory the stresses based upon the following propositions 
parallel altitude (circumferential joint) divides the 
dome into upper and lower part. 
side the polygonal bottom course (of the upper part) 
assumed act circumferential and connected tie. 
side the polygonal top course (of the lower part) 
assumed subjected simple compression only. 
corners all the polygonal horizontal courses are 
assumed (pin-) connected joints. 
V.—The tensional circumferential stress the bottom course the 
upper part balances, the tenacity the homogeneous material 
which the shell constructed (and must therefore equal to), the 
meridional downward, pressing and bursting thrust, due the weight 
the dome. 
tensional stress, mentioned under reduced, and may, 
particular altitude, totally balanced, the compressive stress 
existing the top course the lower part, and case the separation, 
under ceases. 
weight the dome, transmitted downward from 
course course, assumed distributed uniformly around the 
circumference, any altitude. 
other (external) forces than its own weight act upon the 
dome. 
Fig. 27, let 
the sum the forces 
acting upon each 
side polyg- 
onal course 
any altitude; 

=the radial resultant 
acting through 


the rib corners; 
pressional ring 27a 


stress created Number Sides Base 
Circumference =Nb 


any course, 


turn, the 


Y 
Tension 
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Then, with reference the dimensions and angles noted the 
left side the figure: 


Forming (Fig. the triangle forces, for any the 
corners, gives: 


and, substituting for the value Equation 52, finally, 


Fig. 28, Inscribed radius; 


radius; 
Length each the sides the base; 


Inscribed radius any parallel altitude; 

2 


+h, 
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For the magnitude the compressive force the top course the 
lower part, Fig. 28: 

Let weight each side the top course, the rise 
which, along the surface the dome, being equal 

=the radius curvature the dome surface along the 
meridian and for the unit length thereof, from the top 
edge the same course downward; 

the vertical distance the evolute point below the 
top course; 

the short diameter, the base the 

horizontal inward thrust for each side the top 
course, created the weight, the same course. 

Then, forming the triangle forces with and and com- 

paring the same with the similar triangle formed the dimensions 
the dome, and the result the proportion: 


The forces the base upper part the dome, say, for in- 
stance, elevation, are found, with reference Proposition 
and Fig. 29, follows: 
Let total weight the dome above the parallel, 
resulting tangential meridional thrust; 
radius curvature the dome surface the same 
altitude. 


Then, similar triangles: 


whence (56) 
and also (57) 


For equilibrium around the polygonal base, the sum total the 
circumferential tensile stresses, must equal amount 
but opposite character, and will therefore be: 


| 
7 
q 
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/ 


| 
! 


Formulas give the gross amount the magnitude the 
several stresses their most general form, and for the gross weights 
the dome shell. 

the following formulas the stresses will all reduced per 
unit and per unit cross-section” the shell the 
dome. 

Referring, further, all dimensions and weights any altitude 
dimensions and weights the base course, gives the following rela- 
tions (see Figs. and 30): 

Compressive Ring Stress the Top Course the Lower 
=the weight one side the main base course, 

then 
which equals the weight one side polygonal course the alti- 
tude, Substituting this value for Equation 55: 


= pi 


. 

d 
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1 

1 

| 

| 

| 


2 


this, Equation (52), gives: 


and, finally, this value Equation 53, the compressive stress per 
unit length the top open dome will be: 


For the two principal stresses the base any dome, had: 
0 o 


Let circumference the base course, then 


=the circumference the dome any altitude, 


and for the unit length circumference: 


uniting the upper and lower parts the dome again, having 


been conceived until now separated, under Proposition and 


| | 
| 
1 i 
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bining the equations derived for the stresses under that condition, 
the actual stresses existing any point the surface pyramoidal 
dome are found. 

Combining, therefore, Equations and 63, with reference Fig. 
30, the magnitude the tangential meridional thrust, per unit 
length circumference, found be: 


For the shearing stress along the surface bed-joint 
course, and per unit length the same, and for the tensile stress 


the radial cross-section the same course, having rise equal 
unit length meridian: 


These, then, are the general equations containing the theory the 
principal stresses domes pyramoidal shape. 

make good the statement that other forms domes are only 
special cases this form dome, and for the reason that such spe- 
cialization the purpose applied mechanics, the formulas for the 


stresses spherical, conical, and conoidal-shaped domes will now 
found. 


THE 


The several kinds this dome have already been treated the 
first part this paper, and, therefore, attention will confined 
the production the formulas for the stresses full hemispheri- 
cal dome only. 


Referring Figs. and 30, and Equations and 65, the following 
substitutions will made: 
circumference the dome base; 
radius any parallel altitude; 
vertical distance between the evolute point 
and the joint question e., center sphere) 


weight the whole spherical segment the 
dome, above the same. 


‘ ae 
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Then, after reducing: 


R? 
2 


These results are the same given Equations and 15, the 
first part this paper. The conclusions arrived there need not 
repeated again. 


Referring Equations and 66, and Figs. 27, and 31, and 
conceiving the necessary modifications made, transform 
Fig. into conical dome, shown Fig. 31, have first: 


Recalling now, for moment, the algebraic expression for the 
envelope cone, have, further: 
total weight the conical surface; 


the weight sector thereof, with base 


This result obtained, also, reducing the expressions Equa- 
tion 63: 
Conforming now the expressions for and the quantities 


just found, they become: 


S? \ 


The magnitude the two terms the equation for will deter- 
mine, when evaluated, whether there tension compression 


c=. 
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course. its present shape, not much can learned from the 
formula this respect; but the substitution, 

can brought the form: 


(72) 


Interpreting this formula, the following statements can made: 

equals then the cone slope 45°, becomes zero, 
that is, none the courses tension; each simply transmits, from 
course course downward, the thrust, 

If, now, greater than the inclination the sides the 
cone the horizon more than 45°, and will have the negative, 
tension sign. All courses, therefore, from the top down, com- 
plete cone, sustain tension (and compression due A). 

the inclination less than 45°, the courses are subjected 
compression the direction the parallels altitude, well 
the direction the sloping sides the cone. 

For the determination the tensional stress the bottom the 
main base course, this formula not applicable, and, instead, the 
original form the formula, Equation must used for this 
purpose. 

Remembering that the first term therein relates the effect the 
upper part, and the second term the effect the lower part, the 
dome, reference particular altitude, will seen that the 
base any dome the second term vanishes. 


and become there equal amount, but are opposite 
character. 
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HIGH CONICAL DOME. 


Fig. 31, 


S? 


E-F Base line for the stresses 
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Terminal line for both and however, any 
other point this line can constructed 
the use the auxiliary line 7-F; 


For Point, for instance, form the circuit 8-9-10. 


TRUNCATED LOW CONICAL DOME. 


| \ ; 
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Fig. 32, height frustum; 


radius any joint below top; 


2 


E-F base line for 
9-V base line for 


Curve terminal line for and 


Referring Fig. 32, and the above-mentioned general formulas 
for and have, for the stresses per unit length 
ference any parallel, first: 

the weight the envelope from rto r,, and 


base unity, the parallel altitude, 
Introducing this latter value, the formulas, and assuming for 


moment that the line intermediate point between the 
actual base the dome and its top: 


obtain the stresses, and this case, have add the 
weight, the above formulas, the effect the lantern load, 
the parallel, question. 


the load per unit eircumference the top, then 


the parallel, Now: 
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LOW CONICAL DOME WITH LANTERN LOAD, 
Fig. 33, height superimposed load, assumed have 
weight per square unit; then weight top 
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Now find: 


Stresses are laid off for unit. 

For further explanations see Figs. and 

All the expressions for the stresses, and given above, can 
readily constructed, shown, and fully explained, Figs. 31, 32, 
and 33. Some the lines therein are designated auxiliaries.” 
Examining Fig. 34, the manner which these auxiliary lines assist 
and simplify the construction the stresses will become manifest. 


| 


CONSTRUCTION THE STRESS LOW DOME WITH LANTERN 
LOAD, AND FOR PER SQUARE UNIT SURFACE. 


2 
Fig. 34, construct previously shown, and 


Draw the auxiliary lines, A-a-t and r-V; and 
for 
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For any point, form the circuits, 1-2-3-1, and 1-4-5-1, 4-5 3-2; 
then 1-5 for the cone only. 

Form, also, the circuits a-b-C, e-d-f-a; make the 

stresses. 


The conoidal domes resemble the pyramoidal domes their axial 
sections; they are, however, circular plan. 

the weight the dome above particular parallel 
altitude, and the circumference that circle, then the stresses 
per circumferential linear unit become (Fig. 30): 


Examining the four diagrams showing graphically the magnitude 
the three prime forces acting intermediate point the shell, 
one located between the top and the base conical dome, will 
noticed that full dome, Fig. 31, joint rupture exists. 


The ring stresses will either tension, zero, compression, from top 
bottom, according the inclination the sides the dome have 
the horizon, and previously explained. 

the truncated dome, however, such joint exists (see the point 
marked Fig. 32). Above this joint the ring stresses are 
compression, while below it, they are tension. similar point, 
however, overbalances, this instance, the compressive ring stress 
the compression zone, and all the courses are subject tension, from 
the base the lantern down the base the dome. 

conclusion, some stable forms domes are submitted, which 
there tension any direction, except the tensional shear the 
bed-joint the lowest course. each instance will necessary 
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resist the radiating pressure this joint, and there only, the 
tenacity hoop. 

masonry domes with tension zone, the whole this zone 
should encased and covered metal, able take 
the tension stresses, case the construction tension courses, 
suggested previously, should prove too expensive. 

buildings monumental character, where money sec- 
ondary importance, the designer should, perhaps preferably, use other 
means than the ones just mentioned counteract the stresses the 
tension zone. ring heavy masonry should encircle the dome from 
the joint equilibrium down the base. The dimensions this 
wall should conform amply the ring stresses, mentioned through- 
out this paper. 

Reviewing past practices, this respect, found that only 
one the famous ancient domes has the designer carried out this 


principle effectively and completely, namely, that the dome 
the Pantheon, Rome. 
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DOCK. IMPROVEMENTS LIVERPOOL. 


Discussion.* 


ALFRED President, Am. Soc. E.—This very interesting 
paper refers class work which supplies large tield for engi- 
neering practice the other side the Atlantic. The magnificent 
dock system Liverpool, developed meet the severe tidal condi- 
tions there, has parallel our Atlantic coast, where the tidal 
range much less and enclosed docks not furnish the most econom- 
ical solution the problem handling large commerce. These 
different conditions render the paper all the more interesting, but, 
the same time, make its general discussion difficult for American 
engineers. 

The paper, however, describes many features construction 
great interest wherever subaqueous work carried on, which the 
speaker desires note briefly two three. The ingenious and suc- 
cessful method laying dry the face and base wall under- 
pinned, worthy most careful study. 

The speaker had opportunity, few years ago, see some 
the work described, some similar character, the vicinity, while 
progress. The concrete was much wetter than usual this 
country, and might described sloppy. The materials were first 
mixed dry, and then, with the requisite amount water, passed 


*This discussion (of the paper George Cecil Kenyon, Assoc. Am. Soc. C.E., 
printed Proceedings for September, 1903, printed Proceedings order that the 
views expressed may brought before all members the Society for further discussion. 


Communications this subject received prior January 23d, 1904, will 
published subsequently. 
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through very simple gravity mixer. large graving dock, built 
similar concrete and finished year two before, was visited and 
found excellent condition. The chamber was about 900 ft. long, 
and the entire masonry more than long. the entire length, 
only one small crack attributable contraction could found. 
view experience this country, respecting the expansion and con- 
traction concrete with changes temperature, this result seems re- 
markable. Until within few years, specifications for concrete 
this country usually required mixture dry that moisture would 
show the surface only after hard ramming. English engineers 
freed themselves from this pernicious practice earlier than did. 

The use wood for large lock gates seemed the speaker remark- 
able when first informed it, but was stated tim- 
ber was teredo-proof and was considered even more durable than steel. 
Liverpool the presence sea water polluted sewage renders the 
conditions particularly unfavorable for iron steel, while the great 
durability greenheart, and the greater facility with which timber 
gates can repaired case accident, have apparently turned the 
scale favor wood throughout the entire system docks Liver- 
pool. This practice has been followed the Manchester Canal, but 
not any means general throughout Great Britain, while, the 
continent Europe, steel generally adopted. somewhat similar 
statement the relative durability steel and wood was made 
the speaker with respect railroad ties the Panama Railroad. 
These were one the many varieties lignum vite. The timber 
hard that holes must bored for spikes. The speaker was assured 
that many had been service thirty years, and were removed, 
not for decay, but because the rails had cut deeply intothem. This 
durability particularly noteworthy, view the rapid decay 
ordinary timber that hot, moist climate. 

neers this country have had any experience the line work 
laid out for the proposed improvements the Brunswick Docks, 
Liverpool. Nevertheless, this paper extremely interesting, and 
full valuable instruction. 

These vast harbor improvements were, doubt, rendered neces- 
sary the growing traffic the Manchester Canal, which, last 
accounts, was certainly detracting considerably from the natural 
growth Liverpool Harbor. The magnificent masonry dock walls 
surrounding the different basins will certainly excite the admiration 
all engineers. The writer thinks, however, that the American 
harbor engineer would differently under somewhat similar circum- 
stances. avoids conflicts with uncertain founda- 
tions, and, instead building massive concrete dock-wall, would 
proceed make the basin excavation, with hydraulic dredge, 


Mr. Noble. 


Mr. Conte. 


7 
} { 
| 
| 
| 
| 
{ 
| q 
] 
fi 
4 
; 
q 
t 
\ 
3 


LIVERPOOL DOCK IMPROVEMENTS. [Papers. 


Mr. Conte. the required depth, allowing the natural slopes take their own 
shape. The material excavated would pumped into those portions 
the work which needed filling. would then build pile 
structure from the top the slope out the foot, and then proceed 
lay thereon the necessary railroad tracks and build proper freight 
sheds, exactly would done the case solid concrete 
masonry quay wall. Suchasimple structure would vastly cheaper, 
and, the same time, answer all the practical requirements perfectly. 

The query might naturally made, would not the annual repairs 
usefulness? The writer thinks they would not; inasmuch the 
foundations creosoted piles would not ordinarily need attention for 
fifteen twenty years, and the chief item expense would 
keeping the repairs the natural wear and tear the wooden 
flooring the wharf. This could reduced materially laying 
wooden block pavement thereon, which would answer all the require- 
ments heavy traffic. When the time arrived for making repairs 
underneath the sheds, this could done easily means special 
pile-driver, built within the shed itself, which the new pile could 
hoisted through holes made the roof. this means, all 
repairs pile-work could made cheaply, and without much 
inconvenience traffic. 

The author refers faulty borings indicating ft. bed-rock, 
whereas was actually found ft. The writer has had much the 
same vexatious experience, and takes this occasion state that, 
all cases where the surface the so-called bed-rock all 
irregular, there nothing misleading system detached 
test-borings, much so, that, contract work, the engineer 
charge too often wishes had never made any preliminary borings. 
After all, they show absolutely nothing outside the particular 
point which each one made, and, consequently, furnish really 
very limited information. 

The writer interested greatly the many important details 
construction described clearly the author. The practice has 
now become quite common mix boulders with the mass concrete, 
and thus save cement mortar very material extent. Where the 
concrete laid thick heavy masses the boulders can placed not 
more than ins. from each other and about the same distance from 
the forms, insure good ramming between; thus the saving 
cement becomes very great indeed, and, the same time, does not 
detract the least from the excellence the concrete. 

The author’s statements, testing the cement before was 
accepted, are very instructive and seem cover the ground most 
thoroughly. 

One feature, however, impressed the writer, the rich- 
ness the concrete used the dock walls. The poorest grade used 
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mortar and the aggregates. This would seem abnormally 

rich for the plain massive dock walls, the main feature desirable 

being dead weight, the unit strength the material being secondary 

large piece work like this, comparatively trifling variation the 
proportions the concrete would easily make vast difference the 

cost the cement, where good sound judgment comes into 

play. 
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GEORGE FULLER. 


Mr. Knowles. Morris Am. Soc. E.—This paper interesting, for 
several reasons, and affords opportunity comparing European 
and American practice. particularly fortunate that there has 
been added American literature the views European engineer 
the subject filtration, and information filter plant located 
country where much attention has been and being devoted 
this subject. 

interesting note that the ‘‘number bacteria the 
the accepted criterion good work, rather than the 
accepted universally students filtration. further, and one 
which receiving more recognition America, where the size the 
plants warrants expenditures for such studies, the investigation into 
the pathogenic quality the bacteria the least, far 
this indicated the presence Colon Communis, the 
representative bacterium sewage contamination. 


Continued from November, 1903, Proceedings. See September, 1903, Proceedings 
for paper this subject Eugen Goetze, Esq. 


not always true that high numbers bacteria, above 100, Mr. Knowles. 


the effluent from filter, indicate water unfit use for domestic 
purposes, the large numbers the raw due decaying 
vegetable matter, and occur with sudden rise the stream. the 
other hand, the character the effluent, times, may damaged 
seriously and the health the people endangered, even though the 
number bacteria remaining the effluent not larger than occurs 
without causing comment; although, frequently, however, the presence 
accompanied large numbers the effluent, but, per- 
haps, not more than are just often present without such dangerous 
association. the case high rates with sand filters, the Coli test 
particularly useful, and more delicate than general count 
determining the suitability the effluent. 

Too great emphasis cannot placed upon keeping touch with 
the workings the filter day day. course, this more 
important with rapid mechanical filter, depending upon the use 
coagulant for its uniformity and stability results; but also 
true, although less degree, with the slow sand filter, even though 
lack attention the details operation not usually attended 
with such disastrous results the former case. For small filter 
plant, where technical laboratory man cannot employed con- 
stantly, and where chemical and bacterial samples must sent 
outside laboratories for analysis, and thus such tests are made infre- 
quently, the observation the turbidity the filtered water affords 
ready and prompt means determining its suitability for drinking 
purposes. Not only mud, finely divided clay, passing through 
the filter, likely that more bacteria than usual will present 
the effluent, but also true that, after people are accustomed 
clear sparkling water, there decided dissatisfaction turbid water 
furnished, and proper and right cater this desire for 
bright water, pleasant appearance, even turbid one does not 
always indicate less healthful water with more bacteria it. 

There another peculiar factor, accompanying large quantity 
mud the applied water, which the speaker has noticed several times, 
notably Philadelphia, while charge the filter testing station, 
and for which has not yet been able present satisfactory ex- 
planation; that is, that after continued spell muddy applied water, 
when the effluent begins show signs turbidity, the number 


bacteria increases above the normal amount. This was true, even 


though the numbers the raw water (probably due dilution) were 
not always increased excessively, although generally somewhat larger 

other words, high numbers the raw water, when 
clear, were not accompanied correspondingly high numbers the 
but, the other hand, high numbers (perhaps not great 
the former case) occurring with muddy water will almost always 
accompanied great number the effluent. 


than usual. 
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regard the use settling basins, the speaker cannot agree 
with the author that their use will not render admissible cut down 
the number filters; nor does believe that, case muddy water, 
settling basins can dispensed with and more filters used, 
operate lower rate. assuming that the applied water 
muddy only infrequent intervals, the use the lower rate, case 
having additional filters, the use the settling basins, will only 
required part the time; thus, best have the least ex- 
pensive construction, viz., settling basins, which will cause lower fixed 
charges that part the plant use only part 
the case water being very muddy all the time, some means 
coagulation may become necessary, which accomplished best 
settling basins. settling basins Jess capacity (probably about one- 
half) are required for continuous use, compared with intermittent, 
quiescent operation, can hardly said that the result the same 
each case for equal expense. 

noted that the rate filtration German cities much 
lower than America, the maximum being lower than the average 
most cases here. Recent investigations America have shown that 
rates high 000 000 and 000 galls. per day the acre, for- 
merly thought quite excessive, can used many places with good 
results, when the water not too muddy. must not thought, 
however, that will safe run such high rates with all waters, 
and first study must made ascertain the results from rates 
for all seasons, before deciding application any given case. 
But the fact remains, that the German rate about one-half two- 
thirds much has been recognized allowable for most waters 
this country, and this especially noticeable the bacteria and 
turbidity given the tables are reasonable indication the general 
average abroad. 

The author has carefully called attention the fact that, his 
practice, very high numbers bacteria the applied water are accom- 
panied poor results the effluent. the tables presented the 
paper, this appears true the from the first filtration, 
although the highest numbers the raw water are not high 
occur frequently the waters American rivers. has been noticed 
this country, however, that the character the effluent remains 
practically the same, and low the number bacteria, even though 
those the raw applied water run hundreds thousands, 
provided the river not too muddy, mentioned previously. 
order make this clear and show that the effluent sand filters, 
when they are good condition, not proportional the numbers 
the applied water, the speaker had prepared two diagrams showing 
the results obtained Pittsburg, Pa., and Lawrence, Mass., 
with experimental filters. Both diagrams show numerous instances 
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proportionately high numbers the and several 
cases are fully low the average those which occur ordinarily 
the filtered water. the Pittsburg diagram, the turbidity 
the river water also plotted, and, many instances, the high 
numbers the effluent are preceded muddy applied water. 
The injurious effects the winter weather upon these exposed 
open filters stands out very clearly, and several instances disturb- 
ancesy due cracks the walls, and manipulations occasioned the 
experimental nature the filters, are noted. the whole, 
however, the general height the effluent line below 100 the 
scale, except severe weather, and does not always follow the line 
representing the applied water. and disturbances all 
kinds are more noticeable the Pittsburg diagram than the Law- 
rence one, the latter shows distinctly that the effluent remains 
good condition practically all the time. should also noted that 
the Merrimac River water does not have such high bacterial counts 
and does not contain much mud the Allegheny. 

reference the depth sand which Bremen allowed re- 
main place before refilling, viz., about ins., which generally 
less than allowed this the writer does not state whether, 
the time such refilling, large quantity sand, say from 
ins., removed, else shoveled over and placed top the fresh, 
newly washed sand. This the practice this country, and 
done that there shall subsurface clogging, will occur 
portion dirty sand left below clean body washed 
sand. 

regard wasting the water from filter immediately after clean- 
ing, the speaker believes that most cases this unnecessary 
refinement, unless the conditions are known unusual and likely 
produce bad results. There presented, Table No. the results 
the first few several runs the Pittsburg Experimental 
Filters, which show conclusively that the number bacteria during 
the first and hours after scraping are not dangerously higher 
than those for five days, indeed for the average the whole period. 
the cases given the table, the rate filtration for the first 
hours after scraping ranged from 500 000 000 000 galls. per day, 
that the applied water would appear the effluent from 
hours after starting. 

many the instances where the numbers during the first two 
days are high, the applied water was more than usually muddy 
fact, the filter was put out service, due the quantity mud, and 
quickly started again, which dosed raw filter surface heavily and 


which need not occur the operation municipal plant with the 
usual reserve area. 


when excessive numbers the applied water are not accompanied Mr. Knowles. 
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Pa. 


Showing Number Bacteria per Cubic Centimeter Effluents for 
each the First Five Days after Scraping; Compared with the 
Average for the Run (omitting the Record the First Day). 


effluent. 
| 


effluent. 


| 


Number 


4th day. 


Number days run 


| 


Average run. 


105) 120 
93} 100} 
145 
240} 
375 


The same story told the results obtained with the Lawrence, 
Mass., City Filter, tabulated Charles Hyde, Assoc. Am. 
Soc. seen here that the difference 
the character the effluent before and after scraping, even with most 
the filter surface disturbed, practically does not amount any- 
thing. important dwell upon this point because the fre- 
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filter must wasted for some little time after scraping. All such 
precautions, while duly conservative, diminish the yield and filter 
capacity unnecessarily. much better, the speaker’s opinion, 
such precaution necessary, provide reserve filter area, which 
needed for many other reasons, and depend upon short period 
rest after filling and then start with slow accelerations the rate. 

The above statement can applied double filtration, especially 
reference waters containing higher numbers bacteria than 
appear the tables presented the author. For, while the efflu- 
ents the preliminary filters cannot considered satisfactory, 
given, appears unexplainable the speaker why better results, 
good found the final filter, should not obtained with raw 
water worse than shown. author states that double filter 
never error. While this may true, from the scientific and 
bacterial standpoint, the monetary phase must considered, and 
many places, now having water improved filtration, would never 
have thought possible the expense purification double 
filtration, meaning almost double the cost, were necessary. this 
country, with the lavish use water, occasional demands for maxi- 
mum quantities, frequently greater than the average, are 
just likely come time when sudden downpour, rainy 
weather, has produced muddy stream. While generally true 
that turbid waters occur the spring and fall, the most difficult 
waters treat are frequently seen the winter, the midst 
summer weather, when the demand for water prevent freezing 
pipes (in the first season) and for sprinkling purposes (in the second) 
has brought the use tothe maximum. Thus double filtration Amer- 
ica means twice the filter area. 

The statement, that double filtration has always succeeded pro- 
viding perfectly clear water, gratifying one but the speaker won- 
ders whether sedimentation, either with without coagulation, 
the necessity demands, with one filtration, would not have produced 
the same result less total cost. The use coagulant ex- 
pense solely the time application, while the charges for 
additional filters constant source drain. surprising, 
say the least, referring Page 783,* third Paragraph, that any one 
should think double filtration for water which has come from the 
first filter with only bacteria per cubic centimeter. 

The use automatic devices, both the inlet and outlet, 
commended. This especially true the novelty such works for 
the purification water disappearing and proverbially 
accustomed grow careless with familiarity and less likely 
watchful changes. The size, also, some the recent plants be- 


Proceedings, Am. Soc. E., for September, 1903. 
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ing built this country, renders imperative that the number 
gates attended to, and the number things done each day, 
shall lessened much possible. 

note that the allowable loss head Bremen 
about ins., while, this country, ins. deemed advantageous. 
While ins. the minimum depth sand allowed, ins. 
the usual figure country. The filters here commonly have 
ins. sand, when filled maximum depth, the same depth 
water over the surface. 

The sand removed each scraping somewhat excess that 
this country, being from in. ins., the lower figure being the 
same Lawrence, Mass., the highest published figure this coun- 
try for municipal plant, the average the Pittsburg Experimental 
Filter Plant being The speed scraping, also, rather 
less than this country, and, from the statements, other operations 
seem harmony with this. From this, may reasoned that 
the low cost all operations, viz., $1.52 per million gallons, due, 
more than anything else, the low cost labor, which only about 
one-third one-half that this country. 

tabulation the various costs and quantities given Table 
No. and compared with the data relating some American filter 
plants, most which have been taken from 

The statements relative sand washing are quite instructive, 
especially American engineers, for the speaker does not know 
the use the drum washer, least filter plants this country. 
Statistics the cost washing per cubic yard would interest, 
although may expected that, with the quantity given being 
washed per hour and the number men attendance, this cost will 
low. seems the services more than one man would 
necessary bring sand tothe washer, attend operation 
the machine and carry sand away the pile clean material; all 
which items are this country charged washing. The author 
error, however, supposing that volumes water are needed 
with the ejector type washer, for more than one place this 
country volumes are all that are used, and, some instances, 
suffices for all the operations washing, from carrying the sand from 
the dirty pile the washer and finally delivering the pile clean 
sand ready for use. 

The drum type washer does not lend itself readily the method 
transmission sand water and from the washer, which the 
line which the most advanced progress being made this country 
to-day; even now, sand can taken from the the filter without 
the use wheel-barrows. approach with the drum 


washer, within the speaker’s knowledge, the use the Greenway 
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washer, the East London Water-Works (which, the way, washes 
cu. yds. per hour), wherethe Engineer, Wm. Bryan, Inst. E., 
has installed two ejectors, used with the washer, one the 
filter receive the sand scraped and send the washer, and one 
outlet the washer convey the clean sand another filter. 
This arrangement, however, means additional expénse, simply for 


throwing capacity, which might well used washing and 
thus utilized with the ejector type machine. 


TABLE No. 8.—Summary Data For SEVERAL FILTERS. 


LAWRENCE 


ions 1.70 2.35 2.77 2.60 1.70 2.90 


Average period 
tween scrapings, 

Average yield, 

each scraping....... 0.98 0.49 0.53 0.71 1.05 

yards per acre 
each 

Hours for each 
scraping and wheel- 

Sand washed, cubic 
yards per hour...... 2.61 

per cubic yard 


ALLEN Hazen, Am. Soc. 


gratulated upon receiving paper from Mr. Goetze. the last few 
years number American water purification plants have been 
described before it, and the speaker thinks most profitable con- 
sider the developments, another country, toward the same end, 
namely, the compiete purification water, but which, the paper 
shows, have taken somewhat different lines from those followed 
recent American plants. 

The speaker has had the pleasure visiting the Bremen filters 
and meeting Mr. Goetze, and seeing his most ingenious and satis- 
factory methods water purification, and, therefore, can appreciate 
the paper more fully. 


E.—The Society con- Mr. Hazen. 


Mr. Knowles. 
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The Weser rises the Hartz Mountains and flows northward 
through the flatter country before reaching Bremen. character 
the water much like that the Hudson Albany. 

The size the water-shed the Weser and the urban population 
upon it, comparison with some American streams, are given 
Table No. 


TABLE No. 


The data the drainage area and urban population upon the 
Weser are less accurate than for the American streams. would 
appreciated the author could furnish more exact data upon these 
points. 

The Weser like the Hudson, that carries little peaty 
matter. Its turbidity seems about the same. certainly 
more turbid than the Merrimac Lawrence, probably less turbid 
than the Allegheny Pittsburg, and very much less turbid than the 
Schuylkill and the Potomac. The drainage area little larger 
than that any the American streams mentioned. The urban 
population per square mile gives place above the average, but 
not the top the list. The closeness with which the raw water 
approaches the waters these American streams gives added 
interest the methods purification used. 

particularly interesting note that the Bremen filters are 
open. Mr. Goetze takes this matter course, and does not 
mention cold weather one the causes reduced efficiency 
Bremen, although speaks the necessity covering more 
severe climates, about which there can question. interest- 
ing note that the winter temperature Bremen substantially 
the same that Philadelphia and Pittsburg. Evidently, Mr. 
Goetze, who, course, familiar with the operation covered 
filters, for there are many such Germany, does not regard this 
winter temperature one requiring covers for filters. 

The speaker believes experience shows that, for this and warmer 
climates, covers are regarded luxury rather than 


City. River. above intake, 1900 (towns with 

miles. more than 4000 

inhabitants). 
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necessity; that say, with good management, open filters can Mr. Hazen. 
operated with good results covered filters, and without any 
great increase the cost operation. fact, some respects, 
open filters lend themselves more readily labor-saving machinery 
for sand-handling than covered filters. 
Probably the most important advantages covers, climates 
the severity those mentioned, the possibility, employing the 
men every working day the year, with the economies which come 
from their constant and regular employment. 
The most striking feature the paper the method partial 
double filtration. The author notes that when filters are scraped, that 
say, when the top layer dirty sand removed, must 
occasionally, maintain the service, the efficiency the filter after- 
ward much decreased, and after the sand has been reduced thick- 
ness, and washed sand replaced restore its original depth, 
the effluent thereafter for some time worse quality than that ob- 
tained otherwise. This decrease efficiency has been noted every- 
where where sand filters have been studied closely. 
see how much influence these factors have had the results 
Albany, all the data bearing upon these points, which include the 
daily bacterial counts before and after scraping and refilling since the 
plant was put operation, have been compiled and averaged. The 
figures were taken from the very complete records kept Mr. 
Leonard Wachter, Chemist and Biologist the plant, and for 
them the speaker indebted him. 
The averages these figures are given Table No. 10. 


TABLE No. NUMBER EFFLUENT FROM 
ALBANY FILTERS BEFORE AND AFTER SCRAPING, AND BEFORE AND 


AFTER REPLACING SAND, FROM SEPTEMBER, 1899, SEPTEMBER, 
1903, 


256 scrapings dur- 115scrapings dur- 
ing the ing the4colder Fourteen re- 
months (April months Decem- fillings. 
November). ber March). 
7 
Fourth day after 468 461 
Fifth day after 312 586 
Mixed 596 131 


Average efficiency whole plant 
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From the summary given Table No. appears that the de- 
crease efficiency following scraping during the eight warmer 
months the year very slight. Often, decrease whatever ob- 
served. This has been particularly true the latter part the 
period. Onthe general average for the whole period, the increase 
the number bacteria after scraping, although noticeable, not 

the four colder months, the conditions are quite different. 
After scraping, the number bacteria reaches, average, max- 
imum about seven times the number present before scraping, and 
this high number persists for number days, and the additional 
number bacteria considerable that, apparently, the number 
bacteria the mixed output for the four months two three 
times great would the efficiency could kept that 
obtained just before scraping. is, the filters, during the winter 
months, with very high numbers the raw water, have given effi- 
ciency about 99.2 per cent, the decreased efficiencies following 
could have been eliminated entirely, the average winter 
efficiency would have been 99.6 equal the actual aver- 
age summer efficiency. 

The decrease efficiency following the refillings with sand quite 
marked, but, owing the much smaller number such periods, 
the effect upon the average output comparatively small. Some re- 
fillings are accomplished with more disturbance than summer 
scrapings; other times, much higher numbers are found the 
ents following the operation. The results are erratic suggest 
strongly that many the bacteria found the after refill- 
ings are due growths the underdrains and sand during the period 
week more that the filter out service. far this the 
case, the high numbers are rather misleading, for bacteria which 
occur this way are entirely harmless. 

The method proposed Mr. Goetze filter second time the 
effluents containing more than the normal number bacteria. This 
entirely logical proceeding, and probably the best way accom- 
plishing the result. Double filtration has been used number 
The works Schiedam, Holland; those the Grand 
tion Water Company, London, and, more recently, those Zurich, 
are among the best known. Two sets filters have been used 
these cases, the first-filters and the after-filters being different 
levels and somewhat different construction. 

Altona, doubie filtration was introduced somewhat different 
form. The rules the German Government required effluents 
reach certain standard purity, and required that when effluents 
were not this quality they should wasted. The filters Altona 
were hill, from which the city was supplied gravity. The 
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preliminary pumping was thus more expensive than usual; and Mr. Hazen, 


waste the effluent represented greater increase the operating ex- 
penses. Centrifugal pumps were installed pump that part the 
not satisfactory quality back into the filters, filtered 
over again. This arrangement was improvement; but 
siphons, with the filters all one level, made the use centrifugal 
pumps unnecessary, and, this respect, was distinct advance over 
the Altona arrangement. process patented Germany, but 
the speaker believes not patented the United States. 

When the speaker examined Mr. Goetze’s apparatus Bremen, 
and the records operation obtained with it, 1896, was im- 
pressed with the idea that most substantial step forward the art 
water purification had been made; and could have been sure 
securing the same faithfulness operating the plants with which 
has been connected can generally depended upon Germany, 
would, undoubtedly, have made use this device several cases. 
His reason for not using was this: The siphons work equally well 
forward backward, and, with careless vicious attendants, they 
may operated thus; that say, raw water can run into the 
filtered-water pipes through them, and, fact, this will happen 
the siphons are started with the water levels their normal condi- 
tion. only lowering the water one the filters, and mak- 
ing the conditions that extent abnormal, that they can operated 
intended. 

has been the speaker’s custom design filter plants practically 
entirely without by-passes. Albany, for instance, there 
possible pipe connection for sending raw water the pure-water 
pipes. The only way that this could done would dig 
the sand layer somewhere, operation some difficulty, which 
would require some time, and which would apparent anyone 
who happened present and who understood the construction 
filters. 

With the siphons placed under the author’s patent, would 
possible any time for attendant send raw water into the 
filtered-water pipes, and this could done during the hours 
the night and absolutely trace would left the morn- 
ing. The attendant might this because was too lazy make 
the changes the gates necessary maintain the supply filtered 
water. 

the past the speaker has been unwilling take the chances 
unauthorized use by-pass, but systems filtration are now 
coming into use which, much higher degree, depend upon the faith- 
fulness the attendants, and the use the siphons certainly 
filtration depends upon it. 
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the use siphons the Goetze system would increase the 
winter efficiency plant from 99.2 99.6%, the results 
obtained Bremen, connection with study the Albany figures, 
indicate, may considered seriously whether the advantage not 
enough counterbalance the possibility the objectionable use 
siphons; but should remembered that the filter were by-passed, 
even for one night, the number bacteria sent the city would 
much larger than the number eliminated the second filtration during 
the whole course winter. 

Practically, the speaker inclined think that the procedure 
starting filters lower rate than the nominal, carried out with 
the same increase filtering area that would necessary for double 
filtration, would prove very effective treatment, and would perhaps 
increase the quality the output corresponding extent. The 
first effluent has never been wasted Albany, and, far the 
speaker’s observation and inquiry go, wasting the first effluent has 
been theoretical, rather than practical, matter. has been advo- 
certain persons, but, practically, has never been followed 
systematically any water-works, far the speaker knows, be- 
cause both better and cheaper start the filters reduced rates, 
and make the rates low the conditions permit, and are shown 
advantageous. 

The discussion serves emphasize the fact that filtration produces 
arelatively, but not pure water. Thestandard purity 
public water supplies has increased the past, and there every rea- 
son believe that will increase further the future; and that the 
methods which appear satisfactory to-day will seem inadequate 
generation hence some the older methods seem to-day. 
The art water purification bound advance meet these require- 
ments, and methods purification more efficient than those use 
to-day will required, and will developed gradually. 


Grecory, Assoc. Am. Soc. E.—The speaker has 
been very much interested this paper, and also the discussion 
which has brought forth, particularly that relating the washing 
and transporting sand. Mr. Underwood’s discussion the trans- 
porting sand the filters Philadelphia and the results obtained 
has been especial interest, inasmuch the method use there 
the one which was recommended the speaker. 

The author, evidently, does not favor the ejector type sand 
washer, but, this country, this type almost general use, and, 
the speaker’s opinion, here stay. may interest give 
briefly little the history the ejector washers this country, 
and also the development the method transporting sand 
water. 

The first washer which the speaker has any record was built 
the filter Lawrence, Mass., early 1895, and was first put use 
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June 17th. This washer consists four hoppers fitted with Mr. Gregory. 


horizontal nozzles. 1897 and early 1898 Morris Knowles, 
Am. Soc. E., who was then member the Lawrence Water Board, 
began experimenting with different arrangements for transporting 
sand, and, result these experiments, portable hopper 
ejector was built and put regular use July, 1898. This ejector, 
however, was not, and has not been, used for transporting sand from 
the filter, but for transporting sand the washer after had been 
wheeled the bank beside the filter. 

the filters Poughkeepsie, Y., 1895, and also again 
1896, single-jet washer was used,* according Mr. Charles 
Fowler, the superintendent. November, 1897, double-jet washer 
was used. drawings either these are given, but, 
from the description, presumably, they are the ejector type fitted 
with horizontal nozzles. From the jet the bottom the second 
hopper the double washer, the water and sand were transported 
about 130 ft. tank over one corner the filter. The dirty water 
flowed off from the top the tank and the sand was discharged 
the filter through valve the bottom. August and September, 
1897, became necessary provide some new sand for the old filter 
Poughkeepsie. This sand was delivered scows alongside the 
dock near the filters. Mr. Fowler designed movable ejector which 
could lowered into the scows and into which the sand could 
fed. The sand was lifted ft. this ejector and transported 630 ft., 
through 4-in. cast-iron pipe, tank, the dirty water overflowing 
from the top the tank the sand being through 
valve the bottom, and then spread over the surface the filter. 

1902 became necessary purchase additional filter sand, and, 
for transporting the sand from the dock the filters, method 
similar that used 1897 was adopted. this case, however, the 
sand was first hoisted ft. the buckets ordinarily used for 
hoisting coal, and then fed into ejector. From this ejector the 
sand was transported 600 ft., through 6-in. cast-iron pipe, the 
filters. 

1897, when Allen Hazen, Am. Soc. E., designed the 
Albany filters, included two washers the ejector type. These 
washers each have five hoppers fitted with vertical nozzles. The 
details these washers were worked out, William Fuller. 
Am. Soc. E., and the speaker, from rough sketches made Mr. 
Hazen. 

was while the speaker was connected with the Albany filters, 
and also after reading the Poughkeepsie report for 1897, that first 
became interested the washing and transporting sand. The 
subject transporting was very fully discussed Mr. Fuller and the 


paper the Poughkeepsie filters, before the New England Water Works 
Association, 1898. 
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Mr. Gregory. speaker various times from 1897 1899, and numerous methods 


were worked out enough detail know that they were perfectly 
feasible. From their studies they concluded that the ejector method 
was the most promising, the only opinion between them 
being the design certain details. 

the fall 1899 the Albany filters were started 
before the construction work was entirely finished, and for period 
several months the speaker had the opportunity studying 
detail the transporting and washing sand carried there. 
well known, the sand wheeled out from the filters the court 
and then put through the washer. After watching these operations 
became convinced that adopting the ejector method great 
improvement could made the transporting the sand, together 
with material reduction the cost operation. 

Before leaving the Albany work, the speaker made the suggestion 
that while might not possible that late date make the addi- 
tions and changes necessary for installing the piping, that ejectors 
could used the filters, would possible the court 
transport the sand the washer and take away storage pile 
means water. 

Early 1900, George Bailey, Am. Soc. E., who was 
Superintendent the Albany water-works that time, designed and 
had built small portable ejector which was used for transporting 
the sand the first hopper the washer. The operation this 
ejector was very satisfactory, not only decreasing the cost 
washing, but also increasing the capacity the washers. The 
washed sand, however, was not taken away water, but was wheeled 
away, had been the common practice. 

Shortly after the speaker became connected with the filtration 
the water supply Philadelphia, the spring 1900, was asked 
George Webster, Am. Soc. E., who was the Chief Engineer 
that time, what considered the best means handling the sand 
and from the filters, and replied that would use the ejectors 
for handling from the filters and that felt that might possi- 
ble handle similar manner back into the filters. that 
time, felt that might better provide stationary ejectors 
the filters ready for use once, but further study came the 
conclusion that portable ejectors would more practicable. 

The problem designing system for transporting sand frcm the 
Philadelphia filters was such large one that the speaker felt that 
there ought some experimental data the subject, and 
August that year suggested that experimental machine 
built for obtaining such data. After some delay, machine was 
built and series experiments made, from July November, 1901, 
under his direction. This machine consisted two hoppers fitted 
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with horizontal nozzles and long discharge pipe. 
ted that the results these experiments have never been made 
public. While they were not complete, any means, they threw 
considerable light the and demonstrated amply that sand 
could transported about 400 ft. with lift about ft., and 
with economical use water. 

The sand washers Lower Roxborough, which Mr. Underwood 
has described, were designed before, and those Upper Roxborough 
after, the experiments just mentioned were made. 

the time the speaker suggested making the experiments, felt 
that would possible step further than just transporting 
the sand the washer; that is, that the sand could taken from 
the machine, the last hopper acting ejector, and transported 
means water back into another filter which was being refilled with 
washed sand. 

would not practicable, however, simply dump the sand 
the filter, allowing spread itself, and letting the water run away 
drain, there would probably considerable trouble the 
subsequent operation the filter. 

When sand discharged means water, and allowed spread 
out, the finer particles separate from the larger ones and the sand 
found stratified. Furthermore, the water will more less 
turbid, and, some ponding would take place, certain amount 
sediment would deposited. Should sand replaced filter 
this manner, subsurface clogging would sure take place when 
the filter was put operation. obviate this difficulty the speaker 
believes that the first suggest that the sand should discharged 


into tank, somewhat similar the one used Mr. Fowler 


Poughkeepsie, but which could moved from point point the 
filter. The water would allowed overflow one end and would 
carried away the drain provided for the purpose. The 
sand would discharged through valve the bottom the tank 
directly into wheel-barrows and then wheeled away and spread. 

was found, the experiments Philadelphia, that wet sand 
loaded successfully into perforated wheel-barrow through 
opening the bottom tank filled with sand and water, provided 
the effective size the sand was not very small. present, Phila- 
sand not being transported back into the filters means 
water, but the speaker understands that the method soon 
tried. 

the experimental testing station Philadelphia, the summer 
1901, sand washer was built for use connection with the experi- 
ments which were being made the filtration water. This washer 


exact duplicate those Albany, having been made from the 
same patterns. 
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the filters Mt. Vernon, Y., 1897, washer was designed 
and built Mr. Kneen, the engineer charge there. 
washer consisted four hoppers fitted with horizontal nozzles. 
1900 second washer was built similar general design the first 
one. 

Cincinnati, Ohio, while the experiments were being conducted 
the filtration water, washer was built, early 1898, under the 
direction George Fuller, Assoc. Am. Soc. This washer 
had four hoppers, and was fitted with horizontal nozzles. 

Milford, Mass., filter plant was designed and built 1902 
Leonard Metcalf, Assoc. Am. Soc. Mr. re- 
quest, sand washer and portable ejector, for use that plant, were 
designed the speaker. This washer consisted only two hoppers 
and was fitted with horizontal nozzles. The speaker regrets that, 
the present time, unable give any figures relating the 
transporting and washing sand this plant. 

The speaker believes that, when ejector used connection 
with washer, two hoppers the washer are ample for washing the 
sand. fact, thinks that satisfactory results may obtained 
with one hopper. When sand transported considerable distance 
through pipe, gets good washing, and if, when discharged into 
the hopper, the dirty water can carried away quickly, the sand will 
found nearly clean. The additional washing which the sand 
receives passing through the hopper should sufficient make 
clean enough for all practical purposes. 

the designs for the proposed filters Pittsburg, Pa., made the 
winter 1901 and 1902 Mr. Hazen and Mr. Knowles, provision was 
made for transporting sand from the filters the washers means 
ejectors. These washers were have consisted two hoppers 
fitted with horizontal nozzles. 

New Haven, Conn., are now being built Hill, 
Am. E., for the New Haven Water Company. The general 
designs for this work were farnished Mr. George Fuller, and 
Was the suggestion Mr. William Fuller and the speaker that 
recommended the traasporting sand from and the filters 
means water; and them was entrusted the design the ap- 
paratus for transporting and washing the sand. 

the design this plant, which the filters are covered, radi- 
cal departure from previous practice has been made. There will 
so-called court, but instead, long covered pipe gallery with the 
filters ranged either side. this gallery will placed the 
apparatus for washing sand. sand will stored, proposed 
transport directly from the washer back into some filter which will 
always kept reserve for receiving washed sand. Only one 


washer will provided, consisting two hoppers fitted with hori- 
zontal nozzles, and mounted trucks that will movable. 
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operation, this washer will placed half-way between the filter from Mr. Gregory. 
which the sand being transported means ejectors and the 
filter which being refilled. 

this filter will placed movable receiving tank which can 
supported from the roof the filter various points. The dirty 
water will overflow into chamber one end the tank and will 
carried away through light, spiral, riveted-steel pipe. ex- 
pected that this plant considerable reduction cost main- 
tenance will obtained. 

should stated that the method operation just outlined 
mainly applicable covered filters, but equally applicable 
open filters climate where the sand will not freeze winter. 


Assoc. Am. Soc. (by his in- Mr. Copeland. 
teresting paper the water filters Bremen, Mr. Goetze has pointed 
out, that, sand filters are used purify clay-bearing waters, the 
effluents will not clear unless the raw water applied has been clari- 
fied partially passing through preliminary filters. 

The City Philadelphia carrying series experiments 
with preliminary filtration, and may interesting note the 
effect which such method treatment produced the volumes 
water that the secondary slow sand filters purified few in- 
stances between scrapings. 

the water the Schuylkill River often carried large quantities 
clay, the raw river water was passed through beds filtering 
material rates which varied from 000 000 110 000 000 galls. per 
acre per day during these experiments. Even these high rates, the 
preliminary filters took from 70% the foreign matter out 
the water. The solids suspension were not always reduced 
parts per million, however, which about the limit that slow sand 
filters can handle satisfactory manner. 

The data Table No. have been selected, therefore, because 
they give good idea the effect which different quantities sus- 


pended matter the applied water had the amounts water fil- 
tered between scrapings. 


TABLE No. 11. 


Turbidity Millions vate Maxi 

filtration, aximum Effective size 
filter No. |water, parts| between millions head,| sand, 


per million. scrapings. feet. millimeters. 


3.6 0.41 
849 3.0 0.41 
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The water applied these filters was Schuylkill 
River water. Filter No. and Filter were composed beds sand 
supported layers gravel, and the filters were run careful and 
scientific manner. The figures Table No. show that, when the 
applied water contained more than parts suspended matter per 
million, the filters were only able purify about 200 000 000 galls. 
per acre between scrapings; but when the suspended matter the 
applied water was reduced parts less per million, the filters 
purified more than 800 000 galls. per acre between scrapings. 

the preliminary filters remove the coarser particles suspended 
matter from the water, follows that the particles foreign matter 
the effluent are very small. Such very small objects find their way 
easily between the grains sand, and not clog the filter any 
considerable degree. For that reason the loss head increases ata 
slow and irregular rate, advancing one day and falling back the 
next. order show how differently filter will act, this respect, 
the losses head, for Filter No. o’clock noon, each day 
the periods referred Table No. 11, are plotted Fig. 


‘Average Turbidity 5 per ities, Silica Standard, 


140 


Days in Operation 
RESULTS FROM FILTER NO. 7. 


examination Fig. will seen, the first place, that 
the loss head increased more slowly, and, the second place, that 
increased much more irregularly, when the applied water contained 


than when the applied water contained parts suspended matter 


per million gallons water. 

Moreover, the filter would probably have run for several days 
longer the first case pre-filtered water had been applied after the 
142d day. morning the 143d day, however, raw river water 
was turned the filter, and within two hours No. went out 
service. 

The lessons taught these figures and the diagram are: 

First, that when river water has been well clarified passing 
through efficient preliminary filters, slow sand filters will complete 
the purification rates 000 000 galls. per acre per day, double 
the usual rate. 
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Second, that slow sand filters will treat very large volumes Mr. Copeland. 


well-clarified water before the maximum loss head develops. 
Third, that the process preliminary treatment must very 
thorough order secure the most economical results. 


interested this most instructive paper. The happyresults obtained 
are increased value reason the fact that they are the results 
well-tried experience, and are therefore entirely free from mere specu- 
lation. seems the writer that the author has certainly taken 
important forward step the art sand filtration, and has opened 
entirely new field for future development, which can hardly 
overestimated, either its extent the importance the results. 
Every true student sand filtration will hail with delight any reliable 
effort made the art which will tend toward the avoidance the use 
chemicals for precipitation. The results Bremen with water from 
the Weser—which seems quite muddy during storms—show con- 
clusively that that case the use chemicals was entirely unneces- 
sary. remains seen what extent this very important 
principle can pushed with economy and safety. Now that the 
facts have been well established remains for someone 
come forward and explain. 

After reading over the results one can hardly escape the conclusion 
that, after all, the good work done simply one natural avidity. 
During ordinary stages the river, the raw water contains more 
food than the colloidal film—covering the upper surface the filter— 
can get away with conveniently. During flood stages, the raw water 
more heavily charged with food products than the colloidal film can 
conveniently get away with, and, consequently, the film germs get 
more food than they actually need, and, therefore, allow pass 
through with the filtrate. 

Not with the second filter, which fed with the filtrate from the 
first filter. Here the film fully developed and ripened with raw 
water before put into service second filter, and, subsequently, 
fed with the first filtrate, which necessarily lacking food 
products. Hence the film germs are naturally fierce and hungry, and 
consequently attend their duties with much avidity, and the result 
high-grade second filtrate. This would seem reasonable 
way looking it; all events, offered possible explana- 
tion this most important phenomenon. 

These interesting results, among other things, hold out pleasing 
hopes for the turbid water supplies from the southern rivers, but the 
news seems almost too good believe fully that such simple 
procedure could possibly overcome the great difficulties contended 
with Cincinnati, St. Louis and New Orleans. The writer has doubt 
that double filtration would certainly palliate, very largely, the 
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troubles, but, nevertheless, thinks that possibly triple filtration 
might found necessary. 

The author’s automatic regulators for controlling filtration are 
very ingenious design, and are worthy high praise for their 
simplicity detail. 

The operating expense double filtration, given the author 
$1.52 per million gallons, most remarkable for economy, 
means, approximately, $3.04 per million gallons this country, 
which far less than one would naturally expect. 

The Society greatly indebted the author for this most valuable 
paper. 

Assoc. Am. Soc. E.—This paper very inter- 
esting, not only because contains practically new idea the man- 
agement slow sand filter beds, that filtering second time the 
filtered water when does not come the desired standard, but 
also because deals with number questions which may dis- 
cussed with advantage, for instance: 

The best test apply filters; 

The influence bacteria the process water purification; 

Whether not all the dirty sand should scraped; 

The speed filtration; 

The meaning the words, preliminary and filters, 

The discussion this paper will, doubt, bring out much useful 
information and reveal some the progress made the art filtra- 
tion during the last few years. 

The author suggests that the bacteriological examination every 
filter should made daily, possible.” great cities like Phila- 
delphia, New York Washington this possible, but small towns, 
where the resources are limited, not practicable. The speaker, 
however, thinks that all public water supplies, large should 
examined bacteriologically least once month and preferably once 
week, and suggests that periodical qualitative analyses the raw 
water and the filtered water (asit enters the distribution mains) 
would productive more good than the daily quantitative test 
each individual filter. 

this should added some simple chemical tests for the detec- 
tion organic matter and which would indicate immedi- 
ately any extraordinary pollution the water supply, upon the ascer- 
tainment which, public authorities should seek and abate the 
nuisance. 

The qualitative analyses will show the kinds bacteria which pass 
through the filters, and establish whether not the purification 
induced look out for improvements. present seems 


pended matter the water. 
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granted that certain number Colon Bacilli may pass through the Mr. 
filters without impairing the potability the water. the speaker 

were responsible for the management public water supply, 

would not rest until the system systems filtration used were 

perfect that they would give final filtrute entirely free from Colon 

Bacilli. 

The speaker agrees with the author the advantage physi- 
cal test, turbidity observation, because gives ‘‘immediate re- 
sults.” While the turbidity standards recommended Mr. Hazen, 
Mr. Whipple and Mr. Goetze may satisfactory for very turbid ap- 
plied water, the opinion the speaker, they are not good the 
simple tube for filtered water, which is, ought be, always prac- 
tically free from appreciable turbidity. 

The tube used for this purpose Bremen practicable device 
which ordinary filter attendant caneasily handle. The color the 
water that depth very good indication the operation the 
filters. London, the chemists, appointed the Government test 
the quality the water supplied the metropolis the different 
water companies, used publish weekly report stating that the 
filtered water, seen through 2-ft. tube, was yellow, green 
brown. These different shades indicate varying proportions sus- 


Paris the speaker used tube for the rapid and frequent 
examination each filter, and 15-ft. tube for examining, once day, 
the general filtrate from the pure-water well. one case had 
deal with filter plant having very great number units (more than 
000) divided sixteen sectional collectors. the units were 
working normally, the water the tubes, either small large, did 
not obscure the light the slightest degree, the blue sky appeared 
blue and the white clouds white water had been the 
tubes; but soon single unit went wrong the water the short 
tube lost its brilliancy-and that the long tube appeared slightly 
yellow. When several units were defective the color was more intense, 
and turned green, and, the defective units increased number, 
the water became brown, the raw water, course, obscured the light 
entirely and appeared black. soon all the defects were cor- 
rected the filtrate became again absolutely colorless. The speaker 
would recommend the use 2-ft. 3-ft. tube for checking the 
daily work each filter. 

The author affirms that the ‘‘sand per se” not true filtering 
medium; that slimy coating which de- 
posited upon and between the grains the upper layer sand that 
does the work. speaks the interactions bacteria 
and and consuming and producing oxygen.” 


states, further, that ‘‘a filter bed filled with clean sand not ap- 
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Mr. Maignen. paratus which could called filter, only the so-called 
Schlammdecke there formed the filter which suitable retain the 
and again, that the sand layer used biological filter. 

The speaker opinion that the author attributes too high 
value the Schlammdecke, Schmutzdecke, plain English, 
and too little the sand itself, and that the effects the 
so-called biological action, much dwelt upon during the last ten 
years, have been overrated. 

Further, believes that the surface sand bed hecatomb 
for the water bacteria, and not necessarily breeding ground for 
them. 

open filters the water insects and infusoria may feed the 
bacteria, fresh-water sponge and which grow the favor the 
light, act kind preliminary filter, and may entangle some 
the bacteria; but not likely that the bacteria themselves eat one 
another; they are retained like the rest the suspended matter, and 
contribute physically the formation the complex substance 
which called mud.” 

covered filters, where the sunlight does not penetrate, there 
much less animal and vegetable growth, vet the speaker not aware 
that the filtrate covered beds inferior that open beds. 

The speaker calls attention his observations 
filters,* his discussion Filtration Works the East 
Jersey Water Company, Little Falls, New Jersey.” There showed 
that sand granular-bed filters could rendered filter- 
ing practically sterile water during certain time, say one month. 
They became that is, capable giving almost sterile fil- 
trate without the formation any kind mud blanket,” and they 
continued give perfect results for months afterward with applied 
water very rich bacteria. 

The author recommends that the coherence the bacterial mass 
beneath the removed layer must not disturbed advocates the 
removal only the dirty and not the whole the 
coating.” There are filter plants this country which all 
the dirty sand not removed, and others where entirely removed, 
and, far the speaker knows, the latter filters which give the 
best effluent; therefore, cannot agree with the author this 
point. 

The author acknowledges that filter may deliver poor 
filtrate during floods. According the biological theory, when 
filter old and should, than, the theory were strictly 
correct, its best work when oldest, yet such times, the 
applied water roily, the filtrate becomes poor, and, therefore, 
explanation, outside the biological theory, must sought. 


Transactions, Am. Soc. E., Vol. 447. 
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The speaker ventures suggest the following theory for the 
breakdown ‘‘ripe” filters, when the applied water becomes bad. 
the act filtration, the water its downward course gradually 
creates microscopical fissures, passages channels, after the fashion 
underground waters which flow long distances fissures. 
long the applied water comparatively clear there disturb- 
ance these filtering channels, the particles suspended matter are 
comparatively large and light, and are easily retained the surface, 
but when road wash and finely divided clay are brought down 
heavy rains new factor intervenes, the fine particles clay, micro- 
scopical stone detritus and other amorphous matters are carried with 
the water through the above-described channels, and believed 
that their weight and number, well their irregular form, 
they have tendency increase the erosive action the flowing 
water and actually enlarge the channels through which they pass. 
This fact particularly noticeable the discoloration the sand 
some parts the filters, and particularly along the walls and piers. 

Something has been said about the unsatisfactory operation 
sand filters winter. May there not some such erosive action 
produced the cold water, which, course, not fluid filtra- 
ble the warmer water summer? 

The author recommends that the water should refiltered when 
the first filtrate poor, particularly after refilling and time 
flood. doing applies large scale what done the 
laboratory when precipitates from filtration 
through filter paper. The first usually cloudy because 
there are pores the paper larger than others, when these become 
masked portion the precipitate the liquid comes out clear, 
artificial filtering membrane has been formed and the heterogeneous 
surface has been rendered homogeneous. essentially physi- 


cal process. The author’s process differs from this only the fact 


that, instead passing the first filtrate through the original filter, 
passes through another filter like character. 

The author compares the action slow sand filters Nature’s 
process, and says: 


filters which are carefully provided with sand layer even 
grain, and through which the flow water regulated according 
the best means known the art, process cleaning (purification) 
takes place analogous that which Nature produces highly 
praised spring water.” 

purification water. known that when cesspool within 
easy distance well, and when the soil which both are located 
filtration, the poisonous matters from the cesspool into the well. 
The same kind unsatisfactory result occurs with what known 


Mr. Maignen. 
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springs,” whether the surrounding soil sandy other- 
wise; whan the rain falls the so-called spring water becomes cloudy. 

Nature, the water found sand-bearing strata not dirty 
when gets there originally. The water Nature’s springs gener- 
ally comes from distant forest lands where the mossy growth acts 
preliminary filter, may come from slowly melting snow, which 
case the loamy soil also acts preliminary filter. any case, the 
mud does not get into the sand, hence that the so-called natural 
sand filters, which give their water the shape springs 
wells, never get clogged. 

Many engineers have been tempted the idea that the gravel 
soils which are level with the river banks could converted 
into natural sand filters being drained into so-called filtering galle- 
ries, but much disappointment has been met with those bold 
enough try. For few years, perhaps, very fine water thus 
obtained, but time comes when the water originally stored the 
sand strata practically exhausted; the fresh water which flows from 
the river into the gravel carries with mud which accumulates 
the points contact between the liquid and solid elements, and the 
mud itself blocks the filters blocks the embankments 
canals the surface artificial sand filters. Ifany water then 
penetrates the gravel, does so, not through great number small 
filtering passages, but through large fissures rat holes.” 

For instance, Nancy, France, filtering galleries were estab- 
lished sandy soil alongside the River Meuse; for time, plenty 
water found its way into the galleries, and was very satisfactory 
quality, but, after certain period, the mud clogged the sand nearest 
the river, and the sandy soil surrounding the galleries became dry. 
The galleries themselves continued give water, but was unfil- 
tered, came direct from the river through large fissures, and caused 
considerable sickness the town. 

should remembered that the art filtration not limited 
the passage water through porous body, extends also, and 
may say, above all, the keeping the filtering surface clean. The 
prize will for those who will devise the best and most economical 
means disposing the mud. 

So-called sand filters are not easy clean, therefore 
they may dismissed from consideration present. 

desired that sand filters work Nature, care should 
taken that the water sent them free from suspended matter 
itisin Nature. Sand makes good bacteriological filter, the 
bacteria not find sustenance it, and applied water, 
stated the author, fairly good all the time, the filtrate always 
well nigh perfect; therefore, may laid down principle that 
all water supplies intended for sand filtration should receive prelim- 
inary treatment. 
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What done Bremen cannot correctly called preliminary Mr. Maignen. 


filtration and filtration; would more accurate call 

The speed filtration recommended the author, namely 
690 090 000 galls. per acre per day for the filtration 
and 600 000 000 galls. for the ‘‘second” filtration, may 
practicable places where the consumption from galls. 

head per day, but would altogether out the question 
this country, where the per capita requirements vary from 200 
galls., account the enormous expense first installation. 

Downward filtration through sand, coarse fine, slow rapid, 
cannot, the speaker’s opinion, recommended for preliminary 
filtration. must always expensive operation because the voids 
between the grains sand are necessarily small, and they become 
very quickly closed up, the quantity sand necessary retain cer- 
tain quantity mud very considerable, and the handling the 
dirty sand, whether washed situ, mechanical filters, 
removed, slow sand filters, forcibly necessitates much power, 
labor and wash-water. Whatever qualities system sand 
filtration may have, cannot considered economical process 
preliminary filtration. 

Upward filtration through sand, also, cannot thought for 
preliminary filtration, for the same reason, that too much material has 
handled for given quantity mud, and also because the upward 
flow water through sand transforms the filter bed into quicksands 
and surface springs. 

true system economical preliminary filtration has been inau- 
gurated quite recently Philadelphia, the Lower Roxborough 
filter plant. will doubt brought the attention the 
Society detail some day, but, this occasion, may briefly 
described: 

The filtration upward; the materials used are, first, layer 
slag pieces varying size from ins. in., and second, layer 
sponge. There practically loss head, the effluent rising 
within ins. the level the influent, and the operation goes 
for three months more without any attention labor any 
kind. The slag cleaned downward, reverse flushing, and the 
sponges are washed laundry machines. 

There old saying Germany the effect that when dirty 
water has run over nine stones becomes clear, alluding, doubt, 
the behaviour wash-water sewer-water village brooklets. This 
wel] illustrated the Philadelphia preliminary filter, which has 
bacterial efficiency varying from with speed 
000 000 000 000 galls. per acre. 

this preliminary filter there plenty room for the mud, and 
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the quantity material handled, for given quantity mud, 
reduced minimum, hence its economical operation. 

The object the Bremen system intermittent double filtration 
insure all times good filtrate; the object the preliminary 
filtration, carried Philadelphia, ought be, the speaker’s 
opinion, threefold: 

First, insure good filtrate all times; 

Second, reduce the cost first installation allowing the final 
filters work higher rates, say 000 000 galls. more per acre per 
day, and 

Third, cut down the cost operation the filters 
reducing the number sand-cleaning operations. 

Assoc. Am. Soc. E.—This interesting 
paper makes plain that the City Bremen has filter plant which 
well built and well operated. That view certainly confirmed 
those who have had opportunity visit the works and examine the 
results the many studies made the author, and which those 
presented this paper are representative. 

There one feature, not mentioned the author, which im- 
portance recording the accomplishments filter plant which has 
been service for term years, and that the effect which 
has been produced, upon the people who drink that water, with refer- 
ence the prevalence water-borne diseases, such typhoid fever. 
the speaker remembers the statistics, the annual death rate from 
typhoid fever the City Bremen only about ten per hundred 
thousand population. That, will recalled, less than one- 
third the proportional number deaths from this disease the 
average American city, and about one-half that those cities 
this country which are considered provided with very good 
water. 

There are, course, other factors besides the water supply which 
are related the proposition low death rates from typhoid fever, 
but seems that, connection with this paper, very desirable 
bear mind the actual accomplishment the filters which aimed 
at; that is, give the people water which not only pleasing 
its appearance, but one which thoroughly safe use for drinking 
purposes. 

the management the Bremen filters, there feature which 
worthy considerable study the water-works engineers this 
country. Even with such devices the by-passes mentioned Mr. 
Hazen, where opportunities are available for getting into trouble, 
significant that those troubles have not come. Great influence, the 
opinion the speaker, ought exerted engineers this coun- 
try toward bringing filter operations higher plane excellence. 
While many filter plants this country, both the sand-filter and 
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are not well operated. believed that this very important 


factor borne mind, connection with the development 
water purification America. 


Why the Bremen filters not produce better effluent when 
for short periods moderate turbidity appears the river water, 


question which requires considerable study, and difficult 


answer. 


With filters this type, operated several places the United 


States, especially the Ohio River and the Mississippi River 


New Orleans, they have been able, with turbidity greater even than 
that encountered Bremen, produce good filtered water for quite 
number days after muddy water appeared. Frequently, many 
ten days have gone by, with very turbid water going the filters, 
and still the filtrate was satisfactory appearance and excellent, bac- 
teriologically. 

These differences experiences are doubtless due differences 
conditions which are difficult gauge. How far the character the 
organic matter which forms films upon the sand grains (of which 
much said Germany, but which this country not considered 
much factor) may explain these particular results, hard say. 
seems the speaker that the shallower sand they have 
used Bremen and other places Europe, may factor some 
consequence. 

Speaking generally double filtration, appears that there are 
many waters this country where there may opportunities for the 
advantageous application such method. Some them are 
nection with those waters which become turbid for short periods, but 
not sufficiently turbid render necessary large investments for settling 
basins coagulating basins. 

Others refer waters which have bad tastes and odors, due 
vegetable growths, such that which has been studied for many years 
Springfield, Mass. The studies the water the Ludlow reser- 
voir are along lines different from those which have been usually 
studied elsewhere. They refer the removal tastes and odors pro- 
duced Anabena, vegetable growth which seems oil sacs 
contained it. Upon dying, this oil, which very pungent and pene- 
trating, liberated. small quantity will affect large volume 
water. 

Double filtration useful, connection with such waters, 
facilitating oxidation, and can produce good effluent; whereas, with 
single filtration, the result times decidedly unsatisfactory. 


general, double filtration something which great deal more 
will heard the future. 


mechanical-filter types, are well operated, there are many which Mr. George 
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DESIRABLE METHOD 
DREDGING CHANNELS THROUGH RIVER BARS. 


Mr. Hering. Herine, Am. (by letter).—The immense 
territory Russia, with its comparatively population per 
square mile combined with the existence many large rivers, seems 
favor great development river navigation that country. 
During the last fifteen years Russian engineers have been giving this 
subject much attention. Large sums money are being spent 
regulating streams secure all seasons sufficient waterway 
for barges and steamers. The long distances navigated, and the 
many smaller streams which was desirable bring into use 
waterways, made necessary confine navigation shallow-draft 
vessels, the expectation that, later, when the growth traffic 
demanded it, greater depth channel could secured. 

The present improvements, well those other countries, have 
been made permanent works and dredging. The author refers 
only the latter, and suggests what calls ‘‘a desirable method 
dredging channels through river giving the channel 
cut different shape from the usualone. does not mention 
fundamental proposition for all river improvements the alluvial 


This discussion (of the paper Maximoff, Assoc. Am. E., printed 
Proceedings for October, 1903), printed Proceedings order that the views 
expressed may brought before all members the Society for further discussion. 


Communications this subject received prior January 23d, 1904, will pub- 
lished subsequently. 
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territory which speaks, namely, retain carefully the original Mr. Hering. 


regimen after the improvement has been made; other words, the 
equilibrium between moving and resisting forces. The opening 
channel across bar this situation, increasing both sectional area 
and velocity, must balanced, the channel remain open per- 
manently, the reduction the sectional area corresponding the 
new and greater velocity, where this least expensive and where the 
waterway required. 

hold the proposed channel permanently, would therefore 
necessary build jetties spurs from the banks, either both 
sides, thereby narrowing sufficiently balance the increased 
velocity. 

With this condition, the writer believes the author’s proposition 
will accomplish the desired purpose. This purpose is, first, have 
the bottom the new channel slope the direction the current, 
rather than keep level sloping the reverse direction. The 
material the bar, shifting sand, will undoubtedly pushed 
along the water more readily down- than up- grade, and 
thus the scour will more effective. The second proposition 
make the dredged channel the down-stream end narrower than 
the up-stream end. This suggestion also sound, because, the 
narrowing corresponds the deepening, the bottom velocity scour- 
ing force the newly dredged channel will not first decrease the 
lower end, would otherwise do, but will rather increase and 
therefore help scour until the permanent regimen established. 

Therefore, there seems the best reasons why the author’s 
general proposition justified. 


followed with much interest the data presented the author, show- 
ing the very decided increase within recent years vessels engaged 
commerce the interior Russia. The comparison tonnage, 
made Table No. with the merchant fleets other countries also 
somewhat surprise. ‘The decided increase appropriations dur- 
ing the last seventeen years, given Table No. shows that the needs 
this commerce are realized and that measures are 
meet these new requirements. 

The conditions work are not fully explained, but the average 
cost dredging per cubic yard seems low for the kind dredge 
used. appears that the dredging done what ordinarily 
known dredge, while one the cuts shows the 
dredged material being pumped away means centrifugal pumps. 
other cases referred the dredged material handled scows. 
understood that this form dredge has been tried this coun- 
try and discarded unsuitable our conditions. They are still being 
used Manila, they are inheritance, from the old Spanish gov- 
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Mr. ernment, received the United States the evacuation the 


Philippine Islands, and not yet replaced. Their first cost 
The large number moving parts makes breakages and delays 
repairs serious objections, while the enormous weight necessary 
moved while working and changing location makes this form incon- 
venient operation. first cost, therefore, maintenance, and 
operation, dredges this class not compare favorably with 
dredges the dipper, grapple, and suction types used this 
country. 

The best methods securing useful increase depth rivers 
being given much study America, account the enormous 
value our internal waterways. These vary character from tidal 
rivers mountain streams, including rivers like the Hudson its 
lower reaches, and the Lower Columbia; rivers alluvial basins, like 
the Ohio and Mississippi; steep mountain streams, like the Kentucky 
and Monongahela, while streams nearly every character may 
found, and many varieties call urgently for betterment. 

Dredging the layman’s cure for all lack depth. 
pathic its application, that symptomatic. affords imme- 
diate relief the point where the trouble felt, but the causes pro- 
ducing the shoal places and the result (elsewhere) the cure are not 
always considered sufficiently beforehand. many rivers, dredging 
through shoal deep cut any useful size would lower the water 
shoals the upper reaches, that this method improvement 
would more general injury than benefit such streams. 
other cases, where the conditions producing the shoal are not modified 
corrected, the improved channel soon silts again. may 
stated broadly, therefore, that each river must studied its en- 
tirety, develop properly successful plan improvement, and each 
shoal the river, likewise, must examined and studied separately, 
well its relation the remainder the stream. 

The writer heartily agrees with the author his statement: 

important find such shape for the channel cut 
will not only prevent any filling up, but its maintenance and 
even its scouring and 

can scarcely agree, however, with the implied suggestion that 
such shape can found that applicable any but exceptional 
cases. river engineering assists locating dredged channels 
where probable that the maximum and most durable benefit will 
secured the shortest time the minimum cost, but there are 
many conditions examined, many different problems 
solved, that seems very doubtful whether the shape channel sug- 
gested the author would advantage anywhere, 
except special instances, meet special conditions. tidal rivers 
usually appears that shoal water found wherever the flood current 
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takes different channel from the ebb current. Where these two Mr. Harts. 


currents cross flow the same channel, deeper water usually 
encountered. what direction should the funnel-shaped cut proposed 
the author pointed, dredging such shoal? 

Again, shoals are found produced easily discovered 
causes, the mouth the Willamette River, where enters the 
Columbia. These two rivers are flood different times, the 
Willamette one season the year, from heavy rains, and the 
Columbia another season, from melting snow. When the Willa- 
mette flood, the Columbia backed up, and deposit silt 
the Columbia noticed above the Willamette’s mouth. When condi- 
tions are reversed, similar shoal found the Willamette River. 
Would funnel-shaped cut either river accomplish anything more 
permanent than the usual dredged channel? seems that the title 
the paper is, perhaps, more comprehensive than was intended. 

The writer’s opinion this paper is, that the statistics and data 
concerning the commerce Russian rivers are much value, in- 
formation this class usually hard get, convenient form for 
use, but that the method suggested for dredging river bars desirable 
only special places special rivers. 
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